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BICYCLO|1.1.1|PENTANE INHIBITORS OF
DUAL LEUCINE ZIPPER (DLK) KINASE
FOR THE TREATMENT OF DISEASL

This application claims the benefit of priority of U.S. >
Provisional Application No. 62/431,504, filed Dec. 8, 2016,

the disclosure of which 1s hereby incorporated by reference
as 1f written herein 1n 1ts entirety.

Disclosed herein are new substituted bicyclo[1.1.1]pen-
tane compounds and compositions and their application as
pharmaceuticals for the treatment of disease. Methods of
inhibition of the kinase activity of dual leucine zipper in a
human or animal subject are also provided for the treatment
of diseases such as neurological diseases that result from
traumatic mjury to central nervous system and peripheral
nervous system neurons, neurodegenerative conditions, neu-
ropathies resulting from neurological damage, and treatment
of pain and cognitive disorders caused by pharmacological
intervention.

Dual leucine zipper kinase (DLK) 1s a member of the
mixed lineage kinase (MLK) family that 1s required for
stress-induced neuronal activation of c-Jun N-terminal
kinases (JINK). In turn, JNK 1s mmplicated in pathways
important to cellular regulation including apoptosis and cell
proliferation. JNK has been implicated in both naturally
occurring cell death and pathological death of neurons.

Novel compounds and pharmaceutical compositions, cer-
tain of which have been found to inhibit the kinase activity
of DLK have been discovered, together with methods of
synthesizing and using the compounds including methods
for the treatment of DLK-mediated diseases 1n a patient by
administering the compounds.
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In certain embodiments of the present invention, com-
pounds have structural Formula I:

40
" (I)
| =" R,
R2\©\ X /
_,:':r -:'b
YA
X, =X; R3 45

or a salt thereof, wherein:

X, 1s selected from C and N; 50

X, 1s selected from C and N;

exactly one of X, and X, 1s N;

X5 18 N;

X, and X are C;

X, X,, X5, X4, and X form a five membered heteroaryl; 55

R, 1s selected from alkyl, cycloalkyl, and heterocy-
cloalkyl, any of which 1s optionally substituted with
one to three R groups;

R, 1s H or 1s selected from alkyl, amino, aryl, cycloalkyl,
haloalkyl, heteroalkyl, heteroaryl, heterocycloalkyl, 6o
and sulfonylalkyl, any of which is optionally substi-
tuted with one to three R, groups;

R, 1s selected from H, alkyl, (alkoxy)alkyl, (arylalkoxy)
alkyl, (heteroarylalkoxy)alkyl, cyano, cycloalkyl, halo,
haloalkoxy, and haloalkyl; 65

R, 1s N(R, ),, wherein each R, 1s independently selected
from hydrogen, C,_,alkyl, and C,_haloalkyl;

2

or R; and R, together with the atoms to which they are
attached form a 5- or 6-membered heteroaryl or het-
croalkyl ring, optionally substituted with one to three
R, groups;

cach R and R, 1s independently selected from C, _,alkyl,
C,_shaloalkyl, C,_jalkoxy, C,_haloalkoxy, C,_,alkyl-
thio, C,_jhaloalkylthio, aryl, heteroaryl, C, - cy-
cloalkyl, C,_-heterocycloalkyl, (aryl)C,_,alkyl, (het-
eroaryl)C, _,alkyl, (C,_,cycloalky)C, ,alkyl, (C,_,
heterocycloalkyl)C, _,alkyl, (ethenyl)C, _,alkyl, (ethy-
nyl)C, _salkyl,  (ary])C,_jalkoxy,  (heteroaryl)C,_,
alkoxy, (C,_-cycloalkyl)C, _jalkoxy, (C;_sheterocy-
cloalky])C, _jalkoxy, (aryl)C,_jalkylthio, (heteroaryl)
C,_salkylthio, (C,_,cycloalkyl)C,_jalkylthio, (C,_-het-
erocycloalkyl)C, _,alkylthio, amino, halo, hydroxy,
cyano, and oxo; and

cach R, 1s independently selected from C, _jalkyl, C,_ ha-

loalkyl, C, _jalkoxy, C,_jhaloalkoxy, aryl, heteroaryl,
C,_-cycloalkyl, C,_-heterocycloalkyl, (ary)C,_,alkyl,
(heteroaryl)C, _jalkyl, (C,_-cycloalkyl)C,_,alkyl, (C,_-
heterocycloalkyl)C, _,alkyl, halo, hydroxy, cyano, and
0XO.

Certain compounds disclosed herein possess usetul DLK
inhibiting activity, and may be used in the treatment or
prophylaxis of a disease in which DLK plays an active role.
Thus, 1n broad aspect, certain embodiments also provide
pharmaceutical compositions comprising one or more Com-
pounds disclosed herein together with a pharmaceutically
acceptable carrier, as well as methods of making and using
the compounds and compositions. Certain embodiments
provide methods for inhibiting DLK. Other embodiments
provide methods for treating a DLK-mediated disorder 1n a
patient 1n need of such treatment, comprising administering
to said patient a therapeutically eflective amount of a com-
pound or composition as disclosed herein. Also provided 1s
the use of certain compounds disclosed herein for use 1n the
manufacture of a medicament for the treatment of a disease
ameliorated by the inhibition of DLK.

In certain embodiments, X, 1s C and X, 1s N.

In certain embodiments, X, 1s N and X, 1s C.

In certain embodiments, R, 1s methyl, and 1s optionally
substituted with one or two R, groups.

In certain embodiments, R, 1s hydroxymethyl and 1s
optionally substituted with one R group.

In certain embodiments, R, 1s H.

In certain embodiments, R, 1s selected from alkyl,
cycloalkyl, heteroalkyl, and heterocycloalkyl, any of which
1s optionally substituted with one or two R, groups.

In certain embodiments, R, 1s selected from morpholin-
1-yl, piperidin-1-yl, and piperazin-1-yl, any of which 1is
optionally substituted with one or two R, groups.

In certain embodiments, R, 1s morpholin-1-yl.

In certain embodiments, R, 1s selected from piperazin-1-
yl and 4-methylpiperazin-1-yl.

In certain embodiments, R, 1s H.

In certain embodiments, R, 1s selected from haloalkoxy
and haloakyl.

In certain embodiments, R, 1s selected from halomethoxy
and halomethyl.

In certain embodiments, R; 1s selected from perha-
lomethoxy and perhalomethyl.

In certamn embodiments, R, 1s selected from ditluo-
romethoxy, trifluoromethoxy, difluoromethy, and trifluo-
romethyl.

In certain embodiments, R, 1s selected from CF, and
OCF,.

In certain embodiments, R, 1s NH,,.
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In certain embodiments, R, 1s selected from NHCH, and
N(CH,).,.

In certain embodiments, R, 1s selected from NH(C,_,
alkyl) and N(C,_,alkyl),.

In certain embodiments, R, and R, together with the
atoms to which they are attached form a 5- or 6-membered
heteroaryl or heteroalkyl ring, optionally substituted with
one to three R, groups.

In certain embodiments, R; and R, together with the
atoms to which they are attached form a 5- or 6-membered
heteroaryl or heteroalkyl ring.

In certain embodiments, R, and R, together with the
atoms to which they are attached form a 5-membered
heteroaryl ring, optionally substituted with one or two R,
groups.

In certain embodiments, R< 1s selected from C,_jalkyl,
C, shaloalkyl, C,_,cycloalkyl, and C,_-heterocycloalkyl.

In certain embodiments, R. 1s selected from C,_,alkoxy,
C, _salkyl, C,_-heterocycloalkoxy, and C,_-cycloalkyl.

In certain embodiments, R 1s selected from methyl, ethyl,
tritfluoromethyl, 2-propyl, and cyclopropyl.

In certain embodiments, R, 1s selected from C,_,alkoxy,
C, alkyl, C, _-heterocycloalkoxy, and C,_-cycloalkyl.

In certain embodiments, R, 1s C, _alkyl.

In certain embodiments, R, 1s C,_ haloalkyl.

In certain embodiments, R, 1s C, _,fluoroalkyl.

In certain embodiments, R, 1s methyl.

In certain embodiments, R, 1s selected from (ethenyl)C, _,
alkyl and (ethynyl)C, _,alkyl.

In certain embodiments, R, 1s selected from (ethenyl)
methyl and (ethynyl)methyl.

In certain embodiments, compounds have structural for-
mula II:

(1)

\ =N

N NIL,
R&!;-/ \©\ N X \ /
>: N R3

R

or a salt thereotf, wherein:

R, 1s selected from alkyl, cycloalkyl, and heterocy-
cloalkyl, any of which 1s optionally substituted with
one to three R groups;

R, 1s selected from H, alkyl, cyano, cycloalkyl, halo,
haloalkoxy, and haloalkyl;

R, and Ry, are independently selected from C,_jalkyl,
C,_shaloalkyl, (C,_jalkoxy)C,_jalkyl, (C,_jhaloalkoxy)
C,_qalkyl, (C,_jalkoxy)C,_jhaloalkyl, and (C,_jha-
loalkoxy)C, _ haloalkyl,

or Ry, and Rg,, in combination with the intervening
atoms, form a 4-7 membered heterocycloalkyl ring,
which 1s optionally substituted with one to three R
groups; and

cach R. and R, 1s independently selected from C, _jalkyl,
C,_shaloalkyl, C,_,alkoxy, C,_jhaloalkoxy, C,_,alkyl-
thio, C,_ haloalkylthio, aryl, heteroaryl, C,_-cy-
cloalkyl, C,_heterocycloalkyl, (aryl)C,_,alkyl, (het-
croaryl)C, _jalkyl, (ethenyl)C, ,alkyl, (ethyny)C,_,
alkyl, (aryl)C,_jalkoxy, (heteroaryl)C,_j,alkoxy, (aryl)
C,_jalkylthio, (heteroaryl)C,_,alkylthio, amino, halo,
hydroxy, cyano, and oxo.
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In certain embodiments, compounds have structural for-
mula II, depicted above, or a salt thereol, wherein:

R, 1s selected from cyclopropyl, cyclopropylmethyl and
1sopropyl;

R, 1s selected from difluoromethoxy, trifluoromethoxy,
and trifluoromethyl;

R and Ry,, in combination with the intervening atoms,
form a morpholine or piperazine ring, either ol which
1s optionally substituted with one to three R, groups:;
and

R, 1s selected from C, _,alkoxy, C, _alkyl, amino, C,_.cy-
cloalkyl, heterocycloalkyl, hydroxy, and hydroxyalkyl.

In certain embodiments, compounds have structural for-
mula III:

(I11)
N

TN
/

R

NH,

Rj3

or a salt thereof, wherein:

R, 1s selected from alkyl, cycloalkyl, and heterocy-
cloalkyl, any of which 1s optionally substituted with
one to three R groups;

R, 1s selected from H, alkyl, cyano, cycloalkyl, halo,
haloalkoxy, and haloalkyl;

R, and R,, are independently selected from C,_,alkyl,
C,_shaloalkyl, (C, _jalkoxy)C, _alkyl, (C,_jhaloalkoxy)
C,_qalkyl, (C,_jalkoxy)C,_jhaloalkyl, and (C,_jha-
loalkoxy)C, _jhaloalkyl,

or Ry, and Rg,, 1n combination with the intervening
atoms, form a 4-7 membered heterocycloalkyl ring,
which 1s optionally substituted with one to three R,
groups; and

cach R and R, 1s independently selected from C, _jalkyl,
C,_shaloalkyl, C,_,alkoxy, C,_ haloalkoxy, C,_,alkyl-
thio, C,_jhaloalkylthio, aryl, heteroaryl, C,_-cy-
cloalkyl, C,_-heterocycloalkyl, (aryl)C,_jalkyl, (het-
croaryl)C, _jalkyl, (ethenyl)C, ,alkyl, (ethynyl)C, _,
alkyl, (aryl)C, _,alkoxy, (heteroaryl)C, _,alkoxy, (aryl)
C,_salkylthio, (heteroaryl)C,_,alkylthio, amino, halo,
hydroxy, cyano, and oxo.

In certain embodiments, compounds have structural for-
mula III, depicted above, or a salt thereof, wherein:

R, 1s selected from cyclopropyl, cyclopropylmethyl and
1sopropyl;

R; 1s selected from difluoromethoxy, trifluoromethoxy,
and trifluoromethyl;

Ry and Rg,, 1n combination with the intervening atoms,
form a morpholine or piperazine ring, either ol which
1s optionally substituted with one to three R, groups;
and;

R, 1s selected from C,_,alkoxy, C, _jalkyl, amino, C,_.Cy-
cloalkyl, heterocycloalkyl, hydroxy, and hydroxyalkyl.

In certain embodiments, compounds have structural for-
mula IV:
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S
n (IV)
Sﬂ\ =N
\ NIL,
Rsz:-/ 7 N \ /
— N/ R3

or a salt thereotf, wherein:

R, 1s selected from alkyl, cycloalkyl, and heterocy-
cloalkyl, any of which 1s optionally substituted with
one to three R groups;

R, 1s selected from H, alkyl, cyano, cycloalkyl, halo,
haloalkoxy, and haloalkyl;

R, and Ry, are independently selected from C,_jalkyl,
C,_shaloalkyl, (C,_,alkoxy)C, 4alkyl, (C,_,haloalkoxy)
C,_salkyl, (C,_jalkoxy)C,_jhaloalkyl, and (C,_jha-
loalkoxy)C, _ haloalkyl,

or Ry, and Ry,, in combination with the interveming
atoms, form a 4-7 membered heterocycloalkyl ring,
which 1s optionally substituted with one to three R,
groups; and

cach R. and R, 1s independently selected from C, _jalkyl,
C,_shaloalkyl, C,_,alkoxy, C,_jhaloalkoxy, C,_,alkyl-
thio, C,_jhaloalkylthio, aryl, heteroaryl, C, -cy-
cloalkyl, C,_-heterocycloalkyl, (aryl)C,_jalkyl, (het-
eroaryl)C, _jalkyl, (ethenyl)C, ,alkyl, (ethynyl)C,_,
alkyl, (aryl)C,_jalkoxy, (heteroaryl)C,_jalkoxy, (aryl)
C,_salkylthio, (heteroaryl)C,_,alkylthio, amino, halo,
hydroxy, cyano, and oxo.

In certain embodiments of any of Formulas I-1V, R, 1s
selected from cyclopropyl, cyclopropylmethyl and 1sopro-
pyl.

In certain embodiments of any of Formulas I-1V, R, and
Ry,, i1n combination with the interveming atoms, form mor-
pholinyl or piperidinyl, either of which 1s optionally substi-
tuted with one to three R, groups.

In certain embodiments of any of Formulas I-1V, R, 1s
selected from difluoromethoxy, trifluoromethoxy, and trif-
luoromethyl.

In certain embodiments of any of Formulas I-1V, R 1s
selected from C, _,alkoxy, C, _,alkyl, amino, C,_.cycloalkyl,
heterocycloalkyl, hydroxy, and hydroxyalkyl.

In certain embodiments of any of Formulas I-1V, R, 1s
selected from C,_jalkoxy, C,_jalkyl, amino, C,_cycloalkyl,
heterocycloalkyl, hydroxy, and hydroxyalkyl.

In certain embodiments of any of Formulas I-IV, R, 1s
C,_salkyl.

In certain embodiments of any of Formulas I-1V, R, 1s
methyl.

In certain embodiments, compounds have structural for-
mula Va:

(Va)
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or a salt thereof, wherein:

R, 1s selected from alkyl, cycloalkyl, and heterocy-
cloalkyl, any of which 1s optionally substituted with
one to three R groups;

R, 1s H or 1s selected from alkyl, amino, aryl, cycloalkyl,
haloalkyl, heteroalkyl, heteroaryl, heterocycloalkyl,
and sulfonylalkyl, any of which 1s optionally substi-
tuted with one to three R, groups;

each R and R, 1s independently selected from C, _,alkyl,
C,_shaloalkyl, C,_jalkoxy, C,_jhaloalkoxy, aryl, het-
eroaryl, C,_-cycloalkyl, C;_-heterocycloalkyl, (aryl)
C,qalkyl,  (heteroaryl)C, jalkyl, (C,_,cycloalkyl)
C,_salkyl, (C;_-heterocycloalky])C, ,alkyl, (ethenyl)
C,_salkyl, (ethynyD)C,_,alkyl, (ary])C,_jalkoxy, (het-
eroaryl)C, _,alkoxy, (C,_-cycloalky)C, _,alkoxy,
(C,_-heterocycloalkyl)C, _,alkoxy, (aryl)C,_jalkylthio,
(heteroaryl)C, _jalkylthio, (C;_,cycloalkyl)C, _,alkyl-
thio, (C,_-heterocycloalkyl)C, alkylthio, amino, halo,
hydroxy, cyano, and oxo; and

R, 1s selected from C,_jalkyl, C, _jhaloalkyl, C,_,alkoxy,
C,_shaloalkoxy, aryl, heteroaryl, C,_,cycloalkyl,
C,_-heterocycloalkyl, (aryl)C, _,alkyl, (heteroaryl)
C, salkyl, (C,_,cycloalkyl)C, jalkyl, (C,_-heterocy-
cloalky)C,_,alkyl, halo, hydroxy, cyano, and oxo.

In certain embodiments, compounds have structural for-
mula Vb:

(Vb)

or a salt thereof, wherein:

R, 1s selected from alkyl, cycloalkyl, and heterocy-
cloalkyl, any of which 1s optionally substituted with
one to three R groups;

R, 1s H or 1s selected from alkyl, amino, aryl, cycloalkyl,
haloalkyl, heteroalkyl, heteroaryl, heterocycloalkyl,
and sulfonylalkyl, any of which 1s optionally substi-
tuted with one to three R, groups;

cach R and R, 1s independently selected from C, _jalkyl,
C,_shaloalkyl, C,_jalkoxy, C,_jhaloalkoxy, aryl, het-
eroaryl, C,_-cycloalkyl, C;_-heterocycloalkyl, (aryl)
C,salkyl, (heteroaryl)C, ,alkyl, (C;_,cycloalkyl)
C,_salkyl, (C,_-heterocycloalkyl)C, ,alkyl, (ethenyl)
C,_salkyl, (ethynyl)C, jalkyl, (ary])C,_jalkoxy, (het-
eroaryl)C, _,alkoxy, (C,_-cycloalky)C, _,alkoxy,
(C,_-heterocycloalkyl)C, _,alkoxy, (aryl)C,_,alkylthio,
(heteroaryl)C, _jalkylthio, (C;_,cycloalkyl)C, _,alkyl-
thio, (C,_-heterocycloalkyl)C, alkylthio, amino, halo,
hydroxy, cyano, and oxo; and

R, 1s selected from C,_jalkyl, C, _jhaloalkyl, C,_,alkoxy,
C,_shaloalkoxy, aryl, heteroaryl, C,_,cycloalkyl,
C,_-heterocycloalkyl, (aryl)C, _jalkyl, (heteroaryl)
C,_salkyl, (C,_,cycloalkyl)C, jalkyl, (C,_-heterocy-
cloalky)C,_,alkyl, halo, hydroxy, cyano, and oxo.

In certain embodiments, compounds have structural for-
mula VI:
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(VD)

HO

or a salt thereof, wherein:

R, 1s H or 1s selected from alkyl, amino, aryl, cycloalkyl,
haloalkyl, heteroalkyl, heteroaryl, heterocycloalkyl,
and sultonylalkyl, any of which i1s optionally substi-
tuted with one to two R, groups;

R, 1s selected from haloalkoxy and haloalkyl; and

R 1s selected from C,_jalkyl, C,_haloalkyl, and C;_-cy-
cloalkyl.

cach R, 1s independently selected from C,_ alkyl, C,_jha-
loalkyl, (ethenyl)C, ,alkyl, (ethynyl)C, _,alkyl, amino,
halo, hydroxy, cyano, and oxo.

In certain embodiments of Formula VI, R, 1s H.

In certain embodiments of Formula VI, R, 1s heterocy-
cloalkyl.

In certain embodiments of Formula VI, R, 1s selected
from morpholin-1-vyl, piperidin-1-vyl, and piperazin-1-yl, any
of which 1s optionally substituted with one or two R groups.

In certain embodiments of Formula VI, R, 1s selected
from

R6a R&I\N/\‘
N\: \\/N\? and
o/\
k/N\

wherein R, 1s selected from H, C,_jalkyl, C,_,haloalkyl,
(ethenyl)C, ,alkyl, and (ethyny])C, _,alkyl.

In certain embodiments of Formula VI, R, 1s selected

from difluoromethoxy, trifluoromethoxy, and trifluorom-
cthyl.

In certain embodiments of Formula VI, R. 15 selected
from C, _jalkyl and C,_jhaloalkyl.

In certain embodiments of Formula VI, R. 15 selected
from methyl and trifluoromethyl.

In certain embodiments, compounds are selected from
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or a salt thereof.

Also provided are embodiments wherein any embodiment
above may be combined with any one or more of these
embodiments, provided the combination 1s not mutually
exclusive.

As used herein, two embodiments are “mutually exclu-
s1ve” when one 1s defined to be something which 1s different
than the other. For example, an embodiment wherein two
groups combine to form a cycloalkyl 1s mutually exclusive
with an embodiment 1n which one group is ethyl the other
group 1s hydrogen. Similarly, an embodiment wherein one
group 1s CH, 1s mutually exclusive with an embodiment
wherein the same group 1s NH.
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Also provided 1s a compound chosen from the Examples
disclosed herein.

Also provided are methods of inhibiting at least one DLK
function comprising the step of contacting DLK with a
compound as described herein. The cell phenotype, cell
proliferation, activity of DLK, change 1n biochemical output
produced by active DLK, expression of DLK, or binding of
DLK with a natural binding partner may be monitored. Such
methods may be modes of treatment of disease, biological
assays, cellular assays, biochemical assays, or the like.

Also provided herein are methods of treatment of a
DLK-mediated disease comprising the administration of a
therapeutically eflective amount of a compound as disclosed
herein, or a salt thereot, to a patient 1n need thereof.

In certain embodiments, the disease i1s chosen from a
neurodegenerative disease.

Also provided herein 1s a compound as disclosed herein
for use as a medicament.

Also provided herein 1s a compound as disclosed herein
for use as a medicament for the treatment of a DLK-
mediated disease.

Also provided 1s the use of a compound as disclosed
herein as a medicament.

Also provided 1s the use of a compound as disclosed
herein as a medicament for the treatment of a DLK-mediated
disease.

Also provided 1s a compound as disclosed herein for use
in the manufacture of a medicament for the treatment of a
DLK-mediated disease.

Also provided 1s the use of a compound as disclosed
herein for the treatment of a DLK-mediated disease.

Also provided herein 1s a method of mnhibition of DLK
comprising contacting DLK with a compound as disclosed
herein, or a salt thereof.

Also provided herein 1s a method for achieving an effect
in a patient comprising the admimstration of a therapeuti-
cally eflective amount of a compound as disclosed herein, or
a salt thereof, to a patient, wherein the effect 1s chosen from
cognition enhancement.

In certain embodiments, the DLK-mediated disease 1s
chosen from a disease that results from traumatic 1injury to
central nervous system and peripheral nervous system neu-
rons (e.g. stroke, traumatic brain injury, spinal cord njury),
a disease that results from a chronic neurodegenerative
condition (e.g. Alzheimer’s disease, frontotemporal demen-
tia, Parkinson’s disease, Huntington’s disease, amyotrophic
lateral sclerosis, spinocerebellar ataxia, progressive supra-
nuclear palsy, Lewy body disease, Kennedy’s disease, and
other related conditions), a disease that results from neu-
ropathies resulting from neurological damage (chemo-
therapy-induced peripheral neuropathy, diabetic neuropathy,
and related conditions) and a disease that results from
cognitive disorders caused by pharmacological intervention
(e.g. chemotherapy imnduced cogmitive disorder, also known
as chemobrain).

Also provided 1s a method of modulation of a DLK-
mediated function 1n a subject comprising the administration
of a therapeutically eflective amount of a compound as
disclosed herein.

Also provided 1s a pharmaceutical composition compris-

ing a compound as disclosed herein, together with a phar-
maceutically acceptable carrier.

In certain embodiments, the pharmaceutical composition
1s formulated for oral administration.
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In certain embodiments, the oral pharmaceutical compo-
sition 1s chosen from a tablet and a capsule.

Definitions

As used herein, the terms below have the meanings
indicated.

When ranges of values are disclosed, and the notation
“fromn, ...ton,” or “betweenn, ...and n,” 1s used, where
n, and n, are the numbers, then unless otherwise specified,
this notation 1s mtended to include the numbers themselves
and the range between them. This range may be integral or
continuous between and including the end values. By way of
example, the range “from 2 to 6 carbons™ 1s intended to
include two, three, four, five, and six carbons, since carbons
come 1n integer units. Compare, by way of example, the
range “from 1 to 3 uM (micromolar),” which 1s mntended to
include 1 uM, 3 uM, and everything in between to any
number ol significant figures (e.g., 1.255 uM, 2.1 uM,
2.9999 uM, etc.).

The term ““about,” as used herein, 1s intended to qualify
the numerical values which 1t modifies, denoting such a
value as variable within a margin of error. When no par-
ticular margin of error, such as a standard deviation to a
mean value given in a chart or table of data, 1s recited, the
term “about” should be understood to mean that range which
would encompass the recited value and the range which
would be included by rounding up or down to that figure as
well, taking 1nto account significant figures.

The term *““acyl,” as used herein, alone or 1n combination,
refers to a carbonyl attached to an alkenyl, alkyl, aryl,
cycloalkyl, heteroaryl, heterocycle, or any other moiety
were the atom attached to the carbonyl 1s carbon. An
“acetyl” group refers to a —C(O)CH, group. An “alkylcar-
bonyl” or “alkanoyl” group refers to an alkyl group attached
to the parent molecular moiety through a carbonyl group.
Examples of such groups include methylcarbonyl and eth-
ylcarbonyl. Examples of acyl groups include formyl,
alkanoyl and aroyl.

The term ““alkenyl,” as used herein, alone or in combina-
tion, refers to a straight-chain or branched-chain hydrocar-
bon radical having one or more double bonds and containing
from 2 to 20 carbon atoms. In certain embodiments, said
alkenyl will comprise from 2 to 6 carbon atoms. The term
“alkenylene” refers to a carbon-carbon double bond system
attached at two or more positions such as ethenylene
| CH=—CH—),(—C::C—)]. Examples of suitable alkenyl
radicals include ethenyl, propenyl, 2-methylpropenyl, 1,4-
butadienyl and the like. Unless otherwise specified, the term
“alkenyl” may include “alkenylene” groups.

The term “alkoxy,” as used herein, alone or in combina-
tion, refers to an alkyl ether radical, wherein the term alkyl
1s as defined below. Examples of suitable alkyl ether radicals
include methoxy, ethoxy, n-propoxy, 1sopropoxy, n-butoxy,
1s0-butoxy, sec-butoxy, tert-butoxy, and the like.

The term “alkyl,” as used herein, alone or in combination,
refers to a straight-chain or branched-chain alkyl radical
containing from 1 to 20 carbon atoms. In certain embodi-
ments, said alkyl will comprise from 1 to 10 carbon atoms.
In further embodiments, said alkyl will comprise from 1 to
8 carbon atoms. Alkyl groups may be optionally substituted
as defined herein. Examples of alkyl radicals include methyl,
cthyl, n-propyl, 1sopropyl, n-butyl, isobutyl, sec-butyl, tert-
butyl, pentyl, 1so-amyl, hexyl, octyl, noyl and the like. The
term “alkylene,” as used herein, alone or in combination,
refers to a saturated aliphatic group derived from a straight
or branched chain saturated hydrocarbon attached at two or
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more positions, such as methylene (—CH,—). Unless oth-
erwise specified, the term “alkyl” may include “alkylene™
groups.

The term “alkylamino,” as used herein, alone or in
combination, refers to an alkyl group attached to the parent
molecular moiety through an amino group. Suitable alky-
lamino groups may be mono- or dialkylated, forming groups
such as, for example, N-methylamino, N-ethylamino, N,N-
dimethylamino, N,N-ethylmethylamino and the like.

The term “alkylidene,” as used herein, alone or 1n com-
bination, refers to an alkenyl group in which one carbon
atom of the carbon-carbon double bond belongs to the
moiety to which the alkenyl group 1s attached.

The term “‘alkylthio,” as used herein, alone or 1n combi-
nation, refers to an alkyl thioether (R—S—) radical wherein
the term alkyl 1s as defined above and wherein the sulfur
may be singly or doubly oxidized. Examples of suitable
alkyl thioether radicals include methylthio, ethylthio, n-pro-
pylthio, 1sopropylthio, n-butylthio, 1so-butylthio, sec-butyl-
thio, tert-butylthio, methanesulfonyl, ethanesulfinyl, and the
like.

The term “alkynyl,” as used herein, alone or 1n combi-
nation, refers to a straight-chain or branched chain hydro-
carbon radical having one or more triple bonds and contain-
ing from 2 to 20 carbon atoms. In certain embodiments, said
alkynyl comprises from 2 to 6 carbon atoms. In further
embodiments, said alkynyl comprises from 2 to 4 carbon
atoms. The term “alkynylene” refers to a carbon-carbon
triple bond attached at two positions such as ethynylene
(—C:::C—, —C=C—). Examples of alkynyl radicals
include ethynyl, propynyl, hydroxypropynyl, butyn-1-vl,
butyn-2-yl, pentyn-1-yl, 3-methylbutyn-1-yl, hexyn-2-vyl,
and the like. Unless otherwise specified, the term “alkynyl”
may include “alkynylene” groups.

The terms “amido” and “carbamoyl,” as used herein,
alone or in combination, refer to an amino group as
described below attached to the parent molecular moiety
through a carbonyl group, or vice versa. The term
“C-amido” as used herein, alone or in combination, refers to
a —C(O)N(RR") group with R and R' as defined herein or as
defined by the specifically enumerated “R” groups desig-
nated. The term ‘“N-amido” as used herein, alone or 1n
combination, refers to a RC(O)N(R")— group, with R and R’
as defined herein or as defined by the specifically enumer-
ated “R” groups designated. The term “acylamino™ as used
herein, alone or in combination, embraces an acyl group
attached to the parent moiety through an amino group. An
example of an “acylamino™ group is acetylamino (CH,C(O)
NH—).

The term “amino,” as used herein, alone or 1n combina-
tion, refers to —NRR', wherein R and R' are independently
chosen from hydrogen, alkyl, acyl, heteroalkyl, aryl,
cycloalkyl, heteroaryl, and heterocycloalkyl, any of which
may themselves be optionally substituted. Additionally, R
and R' may combine to form heterocycloalkyl, either of
which may be optionally substituted.

The term ““aryl,” as used herein, alone or in combination,
means a carbocyclic aromatic system containing one, two or
three rings wherein such polycyclic ning systems are fused
together. The term “aryl” embraces aromatic groups such as
phenyl, naphthyl, anthracenyl, and phenanthryl.

The term “‘arylalkenyl” or “aralkenyl,” as used herein,
alone or 1n combination, refers to an aryl group attached to
the parent molecular moiety through an alkenyl group.

The term “arylalkoxy” or “aralkoxy,” as used herein,
alone or 1n combination, refers to an aryl group attached to
the parent molecular moiety through an alkoxy group.
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The term “arylalkyl™ or “aralkyl,” as used herein, alone or
in combination, refers to an aryl group attached to the parent
molecular moiety through an alkyl group.

The term “arylalkynyl” or “aralkynyl,” as used herein,
alone or 1n combination, refers to an aryl group attached to
the parent molecular moiety through an alkynyl group.

The term “‘arylalkanoyl” or “‘aralkanoyl” or “aroyl,” as
used herein, alone or in combination, refers to an acyl radical
derived from an aryl-substituted alkanecarboxylic acid such
as benzoyl, napthoyl, phenylacetyl, 3-phenylpropionyl (hy-
drocinnamoyl), 4-phenylbutyryl, (2-naphthyl)acetyl, 4-chlo-
rohydrocinnamoyl, and the like.

The term aryloxy as used herein, alone or in combination,
refers to an aryl group attached to the parent molecular
moiety through an oxy.

The terms “benzo” and “benz,” as used herein, alone or 1n
combination, refer to the divalent radical C.H,— derived
from benzene. Examples include benzothiophene and ben-
zimidazole.

The term “‘carbamate,” as used herein, alone or 1n com-
bination, refers to an ester of carbamic acid ((—NHCOO—)
which may be attached to the parent molecular moiety from
either the mitrogen or acid end, and which may be optionally
substituted as defined herein.

The term “O-carbamyl” as used herein, alone or in
combination, refers to a —OC(O)NRR', group-with R and
R' as defined herein.

The term “N-carbamyl” as used herein, alone or in
combination, refers to a ROC(O)NR'— group, with R and R’
as defined herein.

The term “carbonyl,” as used herein, when alone includes
formyl [—C(O)H] and in combination 1s a —C(O)— group.

The term “carboxyl” or “carboxy,” as used herein, refers
to —C(O)OH or the corresponding “‘carboxylate” anion,
such as 1s 1n a carboxylic acid salt. An “O-carboxy” group
refers to a RC(O)YO— group, where R 1s as defined herein.
A “C-carboxy” group refers to a—C(O)OR groups where R
1s as defined herein.

The term *“‘cyano,” as used herein, alone or 1n combina-
tion, refers to —CN.

The term “cycloalkyl,” or, alternatively, “carbocycle,” as
used herein, alone or 1n combination, refers to a saturated or
partially saturated monocyclic, bicyclic or tricyclic alkyl
group wherein each cyclic moiety contains from 3 to 12
carbon atom ring members and which may optionally be a
benzo fused ring system which 1s optionally substituted as
defined herein. In certain embodiments, said cycloalkyl will
comprise from 3 to 7 carbon atoms. In certain embodiments,
said cycloalkyl will comprise a spirocycle ring system.
Examples of such cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, tetrahy-
dronapthyl, indanyl, octahydronaphthyl, 2,3-dihydro-1H-1n-
denyl, adamantyl and the like. “Bicyclic” and “tricyclic™ as
used herein are intended to include both fused ring systems,
such as decahydronaphthalene, octahydronaphthalene as
well as the multicyclic (multicentered) saturated or partially
unsaturated type. The latter type of 1somer 1s exemplified in
general by, bicyclo[1.1.1]pentane, camphor, adamantane,
and bicyclo[3.2.1]octane.

The term ““ester,” as used herein, alone or 1n combination,
refers to a carboxy group bridging two moieties linked at
carbon atoms.

The term “ether,” as used herein, alone or in combination,
refers to an oxy group bridging two moieties linked at
carbon atoms.

The term “halo,” or “halogen,” as used herein, alone or in
combination, refers to fluorine, chlorine, bromine, or 1odine.
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The term “haloalkoxy,” as used herein, alone or 1n com-
bination, refers to a haloalkyl group attached to the parent
molecular moiety through an oxygen atom.

The term “haloalkyl,” as used herein, alone or in combi-
nation, refers to an alkyl radical having the meaning as
defined above wherein one or more hydrogens are replaced
with a halogen. Specifically embraced are monohaloalkyl,
dihaloalkyl and polyhaloalkyl radicals. A monohaloalkyl
radical, for one example, may have an 10do, bromo, chloro
or fluoro atom within the radical. Dihalo and polyhaloalkyl
radicals may have two or more of the same halo atoms or a
combination of different halo radicals. Examples of
haloalkyl radicals include fluoromethyl, difluoromethyl, tri-
fluoromethyl, chloromethyl, dichloromethyl, trichlorom-
cthyl, pentatluoroethyl, heptafluoropropyl, difluorochlorom-
cthyl, dichlorofluoromethyl, difluoroethyl, difluoropropyl,
dichloroethyl and dichloropropyl. “Haloalkylene™ refers to a
haloalkyl group attached at two or more positions. Examples
include fluoromethylene (—CFH—), difluoromethylene
(—CF,—), chloromethylene (—CHCl—) and the like.

The term “heteroalkyl,” as used herein, alone or in
combination, refers to a stable straight or branched chain, or
combinations thereot, fully saturated or containing from 1 to
3 degrees of unsaturation, consisting of the stated number of
carbon atoms and from one to three heteroatoms chosen
from N, O, and S, and wherein the N and S atoms may
optionally be oxidized and the N heteroatom may optionally
be quaternized. The heteroatom(s) may be placed at any
interior position of the heteroalkyl group. Up to two het-
croatoms may be consecutive, such as, for example,
—CH,—NH—OCH,.

The term “heteroaryl,” as used herein, alone or 1n com-
bination, refers to a 3 to 15 membered unsaturated hetero-
monocyclic ring, or a fused monocyclic, bicyclic, or tricy-
clic ring system 1n which at least one of the fused rings 1s
aromatic, which contains at least one atom chosen from N,
O, and S. In certain embodiments, said heteroaryl will
comprise from 1 to 4 heteroatoms as ring members. In
further embodiments, said heteroaryl will comprise from 1
to 2 heteroatoms as ring members. In certain embodiments,
said heteroaryl will comprise from 5 to 7 atoms. The term
also embraces fused polycyclic groups wherein heterocyclic
rings are fused with aryl rings, wherein heteroaryl rings are
fused with other heteroaryl rings, wherein heteroaryl rings
are Tused with heterocycloalkyl rings, or wherein heteroaryl
rings are fused with cycloalkyl rings. Examples of het-
croaryl groups include pyrrolyl, pyrrolinyl, imidazolyl,
pyrazolyl, pynidyl, pyrimidinyl, pyrazinyl, pyridazinyl, tri-
azolyl, pyranyl, furyl, thienyl, oxazolyl, 1soxazolyl, oxadi-
azolyl, thiazolyl, thiadiazolyl, 1sothiazolyl, indolyl, 1soindo-
lyl, indolizinyl, benzimidazolyl, quinolyl, isoquinolyl,
quinoxalinyl, quinazolinyl, indazolyl, benzotriazolyl, ben-
zodioxolyl, benzopyranyl, benzoxazolyl, benzoxadiazolyl,
benzothiazolyl, benzothiadiazolyl, benzofurvl, benzothie-
nyl, chromonyl, coumarinyl, benzopyranyl, tetrahydroqui-
nolinyl, tetrazolopyridazinyl, tetrahydroisoquinolinyl, thien-
opyridinyl, furopyridinyl, pyrrolopyridinyl and the like.
Exemplary tricyclic heterocyclic groups include carbazolyl,
benzidolyl, phenanthrolinyl, dibenzofuranyl, acridinyl,
phenanthridinyl, xanthenyl and the like.

The terms “heterocycloalkyl” and, interchangeably, “het-
erocycle,” as used herein, alone or in combination, each
refer to a saturated, partially unsaturated, or fully unsatu-
rated (but nonaromatic) monocyclic, bicyclic, or tricyclic
heterocyclic group contaiming at least one heteroatom as a
ring member, wherein each said heteroatom may be inde-
pendently chosen from nitrogen, oxygen, and sulfur. In
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certain embodiments, said heterocycloalkyl will comprise a
spirocycle ring system. In certain embodiments, said heter-
cycloalkyl will comprise from 1 to 4 heteroatoms as ring
members. In further embodiments, said hetercycloalkyl will
comprise from 1 to 2 heteroatoms as ring members. In
certain embodiments, said hetercycloalkyl will comprise
from 3 to 8 ring members in each ring. In further embodi-
ments, said hetercycloalkyl will comprise from 3 to 7 ring
members in each ring. In yet further embodiments, said
hetercycloalkyl will comprise from 5 to 6 ring members in

cach ring. “Heterocycloalkyl” and ‘“heterocycle” are
ude sulfones, sulfoxides, N-oxides of tertiary

intended to inc.
nitrogen ring members, and carbocyclic fused and benzo
fused ring systems; additionally, both terms also include
systems where a heterocycle ring 1s tused to an aryl group,
as defined herein, or an additional heterocycle group.
Examples of heterocycle groups include aziridinyl, azetidi-
nyl, 1,3-benzodioxolyl, dihydroisoindolyl, dihydroisoquino-
linyl, dihydrocinnolinyl, dihydrobenzodioxinyl, dihydro[l,
3]oxazolo[4,5-b]pyrnidinyl, benzothiazolyl, dihydroindolyl,
dihy-dropyridinyl, 1,3-dioxanyl, 1,4-dioxanyl, 1,3-dioxola-
nyl, 1soindolinyl, morpholinyl, piperazinyl, pyrrolidinyl, tet-
rahydropyridinyl, piperidinyl, thiomorpholinyl, and the like.
The heterocycle groups may be optionally substituted unless
specifically prohibited.

The term “hydrazinyl” as used herein, alone or 1n com-
bination, refers to two amino groups joined by a single bond,
1.e., —N—N

The term “hydroxy,” as used herein, alone or in combi-
nation, refers to —OH.

The term “hydroxyalkyl,” as used herein, alone or in
combination, refers to a hydroxy group attached to the
parent molecular moiety through an alkyl group.

The term “1mino,” as used herein, alone or 1n combina-
tion, refers to —N—.

The term “iminohydroxy,” as used herein, alone or in
combination, refers to —N(OH) and —=N—O

The phrase “in the main chain” refers to the longest
contiguous or adjacent chain of carbon atoms starting at the
point of attachment of a group to the compounds of any one
of the formulas disclosed herein.

The term ““1socyanato™ refers to a —NCO group.

The term ““1sothiocyanato™ retfers to a —INCS group.

The phrase “linear chain of atoms™ refers to the longest
straight chain of atoms independently selected from carbon,
nitrogen, oxygen and sulfur.

The term “lower,” as used herein, alone or 1n a combi-
nation, where not otherwise specifically defined, means
contaiming from 1 to and including 6 carbon atoms (i.e.,
C,-C, alkyl).

The term “lower aryl,” as used herein, alone or 1 com-
bination, means phenyl or naphthyl, either of which may be
optionally substituted as provided.

The term “lower heteroaryl,” as used herein, alone or in
combination, means either 1) monocyclic heteroaryl com-
prising five or six ring members, of which between one and
four said members may be heteroatoms chosen from N, O,
and S, or 2) bicyclic heteroaryl, wherein each of the fused
rings comprises five or six ring members, comprising
between them one to four heteroatoms chosen from N, O,
and S.

The term “lower cycloalkyl,” as used herein, alone or in
combination, means a monocyclic cycloalkyl having
between three and six ring members (1.e., C;-C, cycloalkyl).
Lower cycloalkyls may be unsaturated. Examples of lower
cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, and
cyclohexyl.
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The term “lower heterocycloalkyl,” as used herein, alone
or 1 combination, means a monocyclic heterocycloalkyl
having between three and six ring members, of which
between one and four may be heteroatoms chosen from N,
O, and S (1.e., C;-C; heterocycloalkyl). Examples of lower
heterocycloalkyls 1nclude pyrrolidinyl, imidazolidinyl,
pyrazolidinyl, piperidinyl, piperazinyl, and morpholinyl.
Lower heterocycloalkyls may be unsaturated.

The term “lower amino,” as used herein, alone or in
combination, refers to —NRR', wherein R and R' are inde-
pendently chosen from hydrogen and lower alkyl, either of
which may be optionally substituted.

The term “mercaptyl™ as used herein, alone or 1n combi-
nation, refers to an RS— group, where R 1s as defined
herein.

The term “nitro,” as used herein, alone or 1n combination,
refers to —NO.,,.

The terms “oxy” or “oxa,”
combination, refer to —O

The term “0x0,” as used herein, alone or in combination,
refers to —0O.

The term “perhaloalkoxy” refers to an alkoxy group
where all of the hydrogen atoms are replaced by halogen
atoms.

The term “‘perhaloalkyl” as used herein, alone or in
combination, refers to an alkyl group where all of the
hydrogen atoms are replaced by halogen atoms.

The term “‘spirocycle ring system™ refers to a polycyclic
ring system comprising two rings such that a single atom 1s
common to both rings.

The terms “sulfonate,” “sulfonic acid,” and “sulfonic,” as
used herein, alone or in combination, refer the —SO.H
group and 1ts anion as the sulfonic acid 1s used in salt
formation.

The term “sulfanyl,” as used herein, alone or 1 combi-
nation, refers to —S

The term “sulfinyl,” as used herein, alone or 1 combi-
nation, refers to —S(O)—.

The term “‘sulfonyl,” as used herein, alone or 1n combi-
nation, refers to —S(0O),—.

The term “N-sulfonamido” refers to a RS(=—0),NR'—
group with R and R' as defined herein.

The term *“S-sulfonamido™ refers to a —S(—0),NRR',
group, with R and R' as defined herein.

The terms “thia” and “thio,” as used herein, alone or 1n
combination, refer to a —S— group or an ether wherein the
oxygen 1s replaced with sulfur. The oxidized derivatives of
the thio group, namely sulfinyl and sultfonyl, are included in
the definition of thia and thio.

The term ““thiol,” as used herein, alone or in combination,
refers to an —SH group.

The term “thiocarbonyl,” as used herein, when alone
includes thioformyl —C(S)H and in combination 1s a
—C(S)— group.

The term “N-thiocarbamyl” refers to an ROC(S)NR'—
group, with R and R' as defined herein.

The term “O-thiocarbamyl” refers to a —OC(S)NRR',
group with R and R' as defined herein.

The term ““thiocyanato” refers to a —CNS group.

The term “trihalomethanesulfonamido™ refers to a X,CS
(O),NR— group with X 1s a halogen and R as deﬁned
herein.

The term “trihalomethanesulfonyl” refers to a X, CS
(O),— group where X 1s a halogen.

The term “trihalomethoxy™ refers to a X,CO— group
where X 1s a halogen.

as used herein, alone or 1n

2T Lk
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The term “trisubstituted silyl,” as used herein, alone or in
combination, refers to a silicone group substituted at its three
free valences with groups as listed herein under the defini-
tion of substituted amino. Examples include trimethysilyl,
tert-butyldimethylsilyl, triphenylsilyl and the like.

Any definition herein may be used 1 combination with
any other defimition to describe a composite structural group.
By convention, the trailing element of any such definition 1s
that which attaches to the parent moiety. For example, the
composite group alkylamido would represent an alkyl group
attached to the parent molecule through an amido group, and
the term alkoxyalkyl would represent an alkoxy group
attached to the parent molecule through an alkyl group.

When a group 1s defined to be “null,” what 1s meant 1s that
said group 1s absent.

The term “‘optionally substituted” means the anteceding
group may be substituted or unsubstituted. When substi-
tuted, the substituents of an “optionally substituted” group
may include, without limitation, one or more substituents
independently selected from the following groups or a
particular designated set of groups, alone or 1n combination:
lower alkyl, lower alkenyl, lower alkynyl, lower alkanoyl,
lower heteroalkyl, lower heterocycloalkyl, lower haloalkyl,
lower haloalkenyl, lower haloalkynyl, lower perhaloalkyl,
lower perhaloalkoxy, lower cycloalkyl, phenyl, aryl, ary-
loxy, lower alkoxy, lower haloalkoxy, oxo, lower acyloxy,
carbonyl, carboxyl, lower alkylcarbonyl, lower carboxyes-
ter, lower carboxamido, cyano, hydrogen, halogen, hydroxy,
amino, lower alkylamino, arylamino, amido, nitro, thiol,
lower alkylthio, lower haloalkylthio, lower perhaloalkylthio,
arylthio, sulfonate, sulfonic acid, trisubstituted silyl, N5, SH,
SCH,, C(O)CH,, CO,CH,, CO,H, pyridinyl, thiophene,
turanyl, lower carbamate, and lower urea. Where structur-
ally feasible, two substituents may be joined together to
form a fused five-, six-, or seven-membered carbocyclic or
heterocyclic ring consisting of zero to three heteroatoms, for
example forming methylenedioxy or ethylenedioxy. An
optionally substituted group may be unsubstituted (e.g.,
—CH,CH,), tully substituted (e.g., —CF,CF;), monosub-
stituted (e.g., —CH,CH,F) or substituted at a level any-
where in-between fully substituted and monosubstituted
(e.g., —CH,CF;). Where substituents are recited without
qualification as to substitution, both substituted and unsub-
stituted forms are encompassed. Where a substituent 1s
qualified as “substituted,” the substituted form 1s specifically
intended. Additionally, different sets of optional substituents
to a particular moiety may be defined as needed; 1n these
cases, the optional substitution will be as defined, often
immediately following the phrase, “optionally substituted
with.”

The term R or the term R', appearing by itself and without
a number designation, unless otherwise defined, refers to a
moiety chosen from hydrogen, alkyl, cycloalkyl, het-
croalkyl, aryl, heteroaryl and heterocycloalkyl, any of which
may be optionally substituted. Such R and R' groups should
be understood to be optionally substituted as defined herein.
Whether an R group has a number designation or not, every
R group, including R, R' and R” where n=(1, 2, 3, . . . n),
every substituent, and every term should be understood to be
independent of every other 1 terms of selection from a
group. Should any vanable, substituent, or term (e.g. aryl,
heterocycle, R, etc.) occur more than one time 1n a formula
or generic structure, its definition at each occurrence is
independent of the defimtion at every other occurrence.
Those of skill 1n the art will further recognize that certain
groups may be attached to a parent molecule or may occupy
a position 1n a chain of elements from either end as written.
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For example, an unsymmetrical group such as —C(O)N
(R)— may be attached to the parent moiety at either the
carbon or the nitrogen.

Asymmetric centers exist i the compounds disclosed
herein. These centers are designated by the symbols “R” or
“S,” depending on the configuration of substituents around
the chiral carbon atom. It should be understood that the
invention encompasses all stereochemical 1someric forms,
including diastereomeric, enantiomeric, and epimeric forms,
as well as d-isomers and 1-1somers, and mixtures thereof.
Individual stereoisomers of compounds can be prepared
synthetically from commercially available starting materials
which contain chiral centers or by preparation of mixtures of
enantiomeric products followed by separation such as con-
version to a mixture of diastereomers followed by separation
or recrystallization, chromatographic techniques, direct
separation of enantiomers on chiral chromatographic col-
umns, or any other appropriate method known 1n the art.
Starting compounds of particular stereochemistry are either
commercially available or can be made and resolved by
techniques known in the art. Additionally, the compounds
disclosed herein may exist as geometric 1somers. The pres-
ent invention includes all cis, trans, syn, anti, entgegen (E),
and zusammen (7) 1somers as well as the approprate
mixtures thereol. Additionally, compounds may exist as
tautomers; all tautomeric i1somers are provided by this
invention. Additionally, the compounds disclosed herein can
exist 1n unsolvated as well as solvated forms with pharma-
ceutically acceptable solvents such as water, ethanol, and the
like. In general, the solvated forms are considered equivalent
to the unsolvated forms.

The term “bond” refers to a covalent linkage between two
atoms, or two moieties when the atoms joined by the bond
are considered to be part of larger substructure. A bond may
be single, double, or triple unless otherwise specified. A
dashed line between two atoms 1n a drawing of a molecule
indicates that an additional bond may be present or absent at
that position.

The term “disease” as used hereimn 1s imtended to be
generally synonymous, and 1s used interchangeably with, the
terms “disorder,” “syndrome,” and “condition” (as 1n medi-
cal condition), 1n that all reflect an abnormal condition of the
human or animal body or of one of its parts that impairs
normal functioning, 1s typically manifested by distinguish-
ing signs and symptoms, and causes the human or animal to
have a reduced duration or quality of life.

A “cognitive disorder,” as used herein refers to a mental
health disorder in which loss of cognitive function is the
primary symptom, and which primarily aflects learning,
memory, perception, and/or problem solving. Cognitive
disorders include amnesia, dementia, and delirtum. Causes
may include damage to the memory portions of the brain,
whether from trauma or chemotherapy.

The term “combination therapy” means the administra-
tion of two or more therapeutic agents to treat a therapeutic
condition or disorder described in the present disclosure.
Such administration encompasses co-administration of these
therapeutic agents 1n a substantially simultaneous manner,
such as in a single capsule having a fixed ratio of active
ingredients or in multiple, separate capsules for each active
ingredient. In addition, such admuinistration also encom-
passes use ol each type of therapeutic agent 1n a sequential
manner. In either case, the treatment regimen will provide
beneficial effects of the drug combination in treating the
conditions or disorders described herein.

“DLK binder” 1s used herein to refer to a compound that
exhibits an K ;, with respect to DLK of no more than about
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100 uM and more typically not more than about 50 uM, as
measured in the DLK binding assay described generally
herein. The DLK binding assay measures the K, (dissocia-
tion constant) for the binding of a compound with the active
site of DLK. Certain compounds disclosed herein have been
discovered to bind to DLK. In certain embodiments, com-

pounds will exhibit an K , with respect to DLK of no more
than about 10 uM; 1n further embodiments, compounds will
exhibit a K, with respect to DLK of no more than about 1
uM; 1n yet further embodiments, compounds will exhibit a
K , with respect to DLK of not more than about 0.1 uM; 1n
yet further embodiments, compounds will exhibit a K , with
respect to DLK of not more than about 10 nM, as measured
in the DLK assay described herein.

The phrase “therapeutically eflective” 1s intended to
quality the amount of active ingredients used in the treat-
ment of a disease or on the eflecting of a clinical endpoint.

The term “therapeutically acceptable” refers to those
compounds (or salts, prodrugs, tautomers, zwitterionic
forms, etc.) which are suitable for use 1n contact with the
tissues of patients without undue toxicity, irritation, and
allergic response, are commensurate with a reasonable ben-
efit/risk ratio, and are eflective for their intended use.

As used herein, reference to “treatment” of a patient 1s
intended to include prophylaxis. Treatment may also be
preemptive in nature, 1.e., it may include prevention of
disease. Prevention of a disease may involve complete
protection from disease, for example as in the case of
prevention ol infection with a pathogen, or may involve
prevention ol disease progression. For example, prevention
of a disease may not mean complete foreclosure of any eflect
related to the diseases at any level, but instead may mean
prevention of the symptoms of a disease to a clinically
significant or detectable level. Prevention of diseases may
also mean prevention of progression of a disease to a later
stage of the disease.

The term “patient” 1s generally synonymous with the term
“subject” and includes all mammals including humans.
Examples of patients include humans, livestock such as
cows, goats, sheep, pigs, and rabbits, and companion ani-
mals such as dogs, cats, rabbits, and horses. Preferably, the
patient 1s a human.

The term “prodrug” refers to a compound that 1s made
more active 1n vivo. Certain compounds disclosed herein
may also exist as prodrugs, as described 1n Hydrolysis in
Drug and Prodrug Metabolism: Chemistry, Biochemistry,
and Enzymology (lesta, Bernard and Mayer, Joachim M.
Wiley-VHCA, Zurich, Switzerland 2003). Prodrugs of the
compounds described herein are structurally modified forms
of the compound that readily undergo chemical changes
under physiological conditions to provide the compound.
Additionally, prodrugs can be converted to the compound by
chemical or biochemical methods 1mn an ex vivo environ-
ment. For example, prodrugs can be slowly converted to a
compound when placed in a transdermal patch reservoir
with a suitable enzyme or chemical reagent. Prodrugs are
often usetul because, 1n some situations, they may be easier
to administer than the compound, or parent drug. They may,
for mstance, be bioavailable by oral administration whereas
the parent drug 1s not. The prodrug may also have improved
solubility in pharmaceutical compositions over the parent
drug. A wide variety of prodrug derivatives are known 1n the
art, such as those that rely on hydrolytic cleavage or oxida-
tive activation of the prodrug. An example, without limita-
tion, of a prodrug would be a compound which 1s adminis-
tered as an ester (the “prodrug”), but then 1s metabolically
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hydrolyzed to the carboxylic acid, the active entity. Addi-
tional examples include peptidyl derivatives of a compound.
Salts and Polymorphs

The compounds disclosed herein can exist as therapeuti-
cally acceptable salts. The present invention includes com-
pounds listed above in the form of salts, including acid
addition salts. Suitable salts include those formed with both
organic and 1norganic acids. Such acid addition salts will
normally be pharmaceutically acceptable. However, salts of
non-pharmaceutically acceptable salts may be of utility in
the preparation and purification of the compound 1n ques-
tion. Basic addition salts may also be formed and be
pharmaceutically acceptable. For a more complete discus-
sion of the preparation and selection of salts, refer to

Pharmaceutical Salts: Properties, Selection, and Use (Stahl,

P. Heinrich. Wiley-VCHA, Zurich, Switzerland, 2002).

The term “therapeutically acceptable salt,” as used herein,
represents salts or zwitterionic forms of the compounds
disclosed herein which are water or oil-soluble or dispersible
and therapeutically acceptable as defined herein. The salts
can be prepared during the final 1solation and purification of
the compounds or separately by reacting the appropnate
compound 1n the form of the free base with a suitable acid.
Representative acid addition salts include acetate, adipate,
alginate, L-ascorbate, aspartate, benzoate, benzenesulionate
(besylate), bisulfate, butyrate, camphorate, camphorsul-
fonate, citrate, digluconate, formate, fumarate, gentisate,
glutarate, glycerophosphate, glycolate, hemisulfate, hep-
tanoate, hexanoate, hippurate, hydrochloride, hydrobro-
mide, hydroiodide, 2-hydroxyethansulionate (1sethionate),
lactate, maleate, malonate, DL-mandelate, mesitylenesul-
fonate, methanesulionate, naphthylenesulifonate, nicotinate,
2-naphthalenesulionate, oxalate, pamoate, pectinate, persul-
fate, 3-phenylproprionate, phosphonate, picrate, pivalate,
propionate, pyroglutamate, succinate, sulfonate, tartrate,
[-tartrate, trichloroacetate, trifluoroacetate, phosphate, glu-
tamate, bicarbonate, para-toluenesulfonate (p-tosylate), and
undecanoate. Also, basic groups 1n the compounds disclosed
herein can be quaternized with methyl, ethyl, propyl, and
butyl chlornides, bromides, and i1odides; dimethyl, diethyl,
dibutyl, and diamyl sulfates; decyl, lauryl, mynistyl, and
steryl chlorides, bromides, and 1odides; and benzyl and
phenethyl bromides. Examples of acids which can be
employed to form therapeutically acceptable addition salts
include 1norganic acids such as hydrochloric, hydrobromic,
sulfuric, and phosphoric, and organic acids such as oxalic,
maleic, succinic, and citric. Salts can also be formed by
coordination of the compounds with an alkali metal or
alkaline earth 1on. Hence, the present invention contem-
plates sodium, potassium, magnestum, and calctum salts of
the compounds disclosed herein, and the like.

Basic addition salts can be prepared during the {final
1solation and purification of the compounds by reacting a
carboxy group with a suitable base such as the hydroxide,
carbonate, or bicarbonate of a metal cation or with ammonia
Or an organic primary, secondary, or tertiary amine. The
cations of therapeutically acceptable salts include lithium,
sodium, potassium, calcium, magnesium, and aluminum, as
well as nontoxic quaternary amine cations such as ammo-
nium, tetramethylammonium, tetracthylammonium, methyl-
amine, dimethylamine, trimethylamine, triethylamine,
diethylamine, ethylamine, tributylamine, pyridine, N,N-di-
methylaniline, N-methylpiperidine, N-methylmorpholine,
dicyclohexylamine, procaine, dibenzylamine, N,N-diben-
zylphenethylamine, 1-ephenamine, and N,N'-dibenzylethyl-
enediamine. Other representative organic amines useful for
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the formation of base addition salts include ethylenedi-
amine, ethanolamine, diethanolamine, piperidine, and pip-
erazine.

While 1t may be possible for the compounds of the subject
invention to be administered as the raw chemical, 1t 1s also
possible to present them as a pharmaceutical formulation.
Accordingly, provided herein are pharmaceutical formula-
tions which comprise one or more of certain compounds
disclosed herein, or one or more pharmaceutically accept-
able salts, esters, prodrugs, amides, or solvates thereof,
together with one or more pharmaceutically acceptable
carriers thereol and optionally one or more other therapeutic
ingredients. The carrier(s) must be “acceptable” in the sense
of being compatible with the other ingredients of the for-
mulation and not deleterious to the recipient thereof. Proper
formulation 1s dependent upon the route of administration
chosen. Any of the well-known techniques, carriers, and
excipients may be used as suitable and as understood in the
art. The pharmaceutical compositions disclosed herein may
be manufactured 1n any manner known in the art, e.g., by
means ol conventional mixing, dissolving, granulating, dra-
gee-making, levigating, emulsiiying, encapsulating, entrap-
pINg Or COMPression processes.

Formulations

The formulations include those suitable for oral, parent-
eral (including subcutaneous, intradermal, intramuscular,
intravenous, 1traarticular, and intramedullary), intraperito-
neal, transmucosal, transdermal, rectal and topical (includ-
ing dermal, buccal, sublingual and intraocular) administra-
tion although the most suitable route may depend upon for
example the condition and disorder of the recipient. The
formulations may convemently be presented in unit dosage
form and may be prepared by any of the methods well
known 1n the art of pharmacy. Typically, these methods
include the step of bringing into association a compound of
the subject invention or a pharmaceutically acceptable salt,
ester, amide, prodrug or solvate thereof (“active ingredient™)
with the carrier which constitutes one or more accessory
ingredients. In general, the formulations are prepared by
uniformly and mmtimately bringing into association the active
ingredient with liquid carriers or finely divided solid carriers
or both and then, 11 necessary, shaping the product into the
desired formulation.

Formulations of the compounds disclosed herein suitable
for oral administration may be presented as discrete units
such as capsules, cachets or tablets each containing a pre-
determined amount of the active ingredient; as a powder or
granules; as a solution or a suspension 1n an aqueous liquid
or a non-aqueous liquid; or as an oil-in-water liquid emul-
sion or a water-in-oil liquid emulsion. The active ingredient
may also be presented as a bolus, electuary or paste.

Pharmaceutical preparations which can be used orally
include tablets, push-fit capsules made of gelatin, as well as
solt, sealed capsules made of gelatin and a plasticizer, such
as glycerol or sorbitol. Tablets may be made by compression
or molding, optionally with one or more accessory mgredi-
ents. Compressed tablets may be prepared by compressing
in a suitable machine the active ingredient in a free-flowing
form such as a powder or granules, optionally mixed with
binders, inert diluents, or lubricating, surface active or
dispersing agents. Molded tablets may be made by molding
in a suitable machine a mixture of the powdered compound
moistened with an inert liquid diluent. The tablets may
optionally be coated or scored and may be formulated so as
to provide slow or controlled release of the active ingredient
therein. All formulations for oral administration should be in
dosages suitable for such administration. The push-fit cap-
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sules can contain the active ingredients 1n admixture with
filler such as lactose, binders such as starches, and/or
lubricants such as talc or magnesium stearate and, option-
ally, stabilizers. In soit capsules, the active compounds may
be dissolved or suspended 1n suitable liquds, such as fatty
oils, liquid parathn, or liquid polyethylene glycols. In addi-
tion, stabilizers may be added. Dragee cores are provided
with suitable coatings. For this purpose, concentrated sugar
solutions may be used, which may optionally contain gum
arabic, talc, polyvinyl pyrrolidone, carbopol gel, polyethyl-
ene glycol, and/or titanium dioxide, lacquer solutions, and
suitable organic solvents or solvent mixtures. Dyestulls or
pigments may be added to the tablets or dragee coatings for
identification or to characterize diflerent combinations of
active compound doses.

The compounds may be formulated for parenteral admin-
1stration by 1njection, e.g., by bolus injection or continuous
infusion. Formulations for injection may be presented 1n unit
dosage form, e.g., 1n ampoules or in multi-dose containers,
with an added preservative. The compositions may take such
forms as suspensions, solutions or emulsions in oily or
aqueous vehicles, and may contain formulatory agents such
as suspending, stabilizing and/or dispersing agents. The
formulations may be presented 1n umt-dose or multi-dose
containers, for example sealed ampoules and vials, and may
be stored 1n powder form or 1n a freeze-dried (lyophilized)
condition requiring only the addition of the sterile liquid
carrier, for example, saline or sterile pyrogen-free water,
immediately prior to use. Extemporaneous injection solu-
tions and suspensions may be prepared from sterile powders,
granules and tablets of the kind previously described.

Formulations for parenteral administration include aque-
ous and non-aqueous (o1ly) sterile injection solutions of the
active compounds which may contain antioxidants, buflers,
bacteriostats and solutes which render the formulation 1so-
tonic with the blood of the intended recipient; and aqueous
and non-aqueous sterile suspensions which may include
suspending agents and thickening agents. Suitable lipophilic
solvents or vehicles include fatty oils such as sesame oil, or
synthetic fatty acid esters, such as ethyl oleate or triglycer-
ides, or liposomes. Aqueous 1njection suspensions may
contain substances which increase the viscosity of the sus-
pension, such as sodium carboxymethyl cellulose, sorbitol,
or dextran. Optionally, the suspension may also contain
suitable stabilizers or agents which increase the solubility of
the compounds to allow for the preparation of highly con-
centrated solutions.

In addition to the formulations described previously, the
compounds may also be formulated as a depot preparation.
Such long acting formulations may be administered by
implantation (for example subcutaneously or intramuscu-
larly) or by intramuscular injection. Thus, for example, the
compounds may be formulated with suitable polymeric or
hydrophobic materials (for example as an emulsion 1 an
acceptable oi1l) or 1on exchange resins, or as sparingly
soluble dertvatives, for example, as a sparingly soluble salt.

For buccal or sublingual administration, the compositions
may take the form of tablets, lozenges, pastilles, or gels
formulated 1n conventional manner. Such compositions may
comprise the active mgredient 1n a flavored basis such as
sucrose and acacia or tragacanth.

The compounds may also be formulated in rectal com-
positions such as suppositories or retention enemas, €.g.,
containing conventional suppository bases such as cocoa
butter, polyethylene glycol, or other glycernides.

Certain compounds disclosed herein may be administered
topically, that 1s by non-systemic administration. This
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includes the application of a compound disclosed herein
externally to the epidermis or the buccal cavity and the
instillation of such a compound into the ear, eye and nose,
such that the compound does not significantly enter the
blood stream. In contrast, systemic administration refers to
oral, intravenous, mtraperitoneal and intramuscular admin-
istration.

Formulations suitable for topical administration include
liguid or semi-liquid preparations suitable for penetration
through the skin to the site of inflammation such as gels,
liniments, lotions, creams, omntments or pastes, and drops
suitable for administration to the eye, ear or nose. The active
ingredient for topical administration may comprise, for
example, from 0.001% to 10% w/w (by weight) of the
formulation. In certain embodiments, the active ingredient
may comprise as much as 10% w/w. In other embodiments,
it may comprise less than 5% w/w. In certain embodiments,
the active ingredient may comprise from 2% w/w to 5%
w/w. In other embodiments, 1t may comprise from 0.1% to
1% w/w of the formulation.

For administration by inhalation, compounds may be
conveniently delivered from an insufllator, nebulizer pres-
surized packs or other convenient means of delivering an
aerosol spray. Pressurized packs may comprise a suitable
propellant such as dichlorodifluoromethane, trichlorotluo-
romethane, dichlorotetrafluoroethane, carbon dioxide or
other suitable gas. In the case of a pressurized aerosol, the
dosage unit may be determined by providing a valve to
deliver a metered amount. Alternatively, for administration
by 1nhalation or insufllation, the compounds according to the
invention may take the form of a dry powder composition,
for example a powder mix of the compound and a suitable
powder base such as lactose or starch. The powder compo-
sition may be presented 1n unit dosage form, 1n for example,
capsules, cartridges, gelatin or blister packs from which the
powder may be administered with the aid of an inhalator or
insufilator.

Preferred unit dosage formulations are those containing
an eflective dose, as herein below recited, or an appropriate
fraction thereof, of the active ingredient.

It should be understood that 1n addition to the mgredients
particularly mentioned above, the formulations described
above may include other agents conventional in the art
having regard to the type of formulation in question, for
example those suitable for oral administration may include
flavoring agents.

Administration and Treatment

Compounds may be administered orally or via injection at
a dose of from 0.1 to 500 mg/kg per day. The dose range for
adult humans 1s generally from 5 mg to 2 g/day. Tablets or
other forms of presentation provided in discrete units may
conveniently contain an amount of one or more compounds
which 1s eflective at such dosage or as a multiple of the
same, for mstance, units contaiming 5 mg to S00 mg, usually
around 10 mg to 200 mg.

The amount of active ingredient that may be combined
with the carrier materials to produce a single dosage form
will vary depending upon the host treated and the particular
mode of administration.

The compounds can be administered 1n various modes,
¢.g. orally, topically, or by imjection. The precise amount of
compound administered to a patient will be the responsibil-
ity of the attendant physician. The specific dose level for any
particular patient will depend upon a variety of factors
including the activity of the specific compound employed,
the age, body weight, general health, sex, diets, time of
administration, route of administration, rate of excretion,
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drug combination, the precise disorder being treated, and the
severity of the indication or condition being treated. Also,
the route of administration may vary depending on the
condition and 1its severity.

In certain 1nstances, 1t may be appropriate to administer at
least one of the compounds described herein (or a pharma-
ceutically acceptable salt thereof) in combination with
another therapeutic agent. By way of example only, 1f one of
the side eflects experienced by a patient upon receiving one
of the compounds herein 1s hypertension, then 1t may be
appropriate to administer an anti-hypertensive agent in com-
bination with the mitial therapeutic agent. Or, by way of
example only, the therapeutic effectiveness of one of the
compounds described herein may be enhanced by adminis-
tration of an adjuvant (1.e., by itself the adjuvant may only
have mimimal therapeutic benefit, but 1n combination with
another therapeutic agent, the overall therapeutic benefit to
the patient 1s enhanced). Or, by way of example only, the
benefit of experienced by a patient may be increased by
administering one of the compounds described herein with
another therapeutic agent (which also includes a therapeutic
regimen) that also has therapeutic benefit. By way of
example only, 1n a treatment for diabetes involving admin-
istration of one of the compounds described herein,
increased therapeutic benefit may result by also providing
the patient with another therapeutic agent for diabetes. In
any case, regardless of the disease, disorder or condition
being treated, the overall benefit experienced by the patient
may simply be additive of the two therapeutic agents or the
patient may experience a synergistic benefit.

Specific, non-limiting examples of possible combination
therapies include use of certain compounds of the invention
with: donepezil, rivastigmine, galantamine, and memantine.
Further examples include anti-amyloid antibodies and vac-
cines, anti-Ab antibodies and vaccines, anti-tau antibodies
and vaccines, p-secretase ihibitors, 5-HT4 agonists, 5-HT6
antagonists, S-H'T1a antagonists, &7 nicotinic receptor ago-
nists, 5-H173 receptor antagonists, PDE4 inhibitors, O-gly-
cnacase inhibitors, and other medicines approved for the
treatment of Alzheimer’s disease. Further examples include
metiormin, minocycline, tissue plasminogen activator, and
other therapies that improve neuronal survival.

In any case, the multiple therapeutic agents (at least one
of which 1s a compound disclosed herein) may be adminis-
tered 1n any order or even simultancously. If simultaneously,
the multiple therapeutic agents may be provided in a single,
unified form, or i multiple forms (by way of example only,
either as a single pill or as two separate pills). One of the
therapeutic agents may be given 1n multiple doses, or both
may be given as multiple doses. If not simultaneous, the
timing between the multiple doses may be any duration of
time ranging from a few minutes to four weeks.

Thus, 1n another aspect, certain embodiments provide
methods for treating DLK-mediated disorders in a human or
amimal subject in need of such treatment comprising admin-
1stering to said subject an amount of a compound disclosed
herein eflective to reduce or prevent said disorder in the

subject, in combination with at least one additional agent for
the treatment of said disorder that 1s known 1n the art. In a
related aspect, certain embodiments provide therapeutic
compositions comprising at least one compound disclosed
herein, in combination with one or more additional agents
for the treatment of DLK-mediated disorders.

In certain embodiments, the compounds, compositions,
and methods disclosed herein may be useful for the treat-
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ment of neurological diseases that result from traumatic
injury to central nervous system and peripheral nervous

system neurons.

In certain embodiments, the compounds, compositions,
and methods disclosed herein may be useful for the treat-
ment of stroke.

In certain embodiments, the compounds, compositions,
and methods disclosed herein may be useful for the treat-
ment of traumatic brain injury.

In certain embodiments, the compounds, compositions,
and methods disclosed herein may be useful for the treat-
ment of of spinal cord 1njury.

In certain embodiments, the compounds, compositions,
and methods disclosed herein may be useful for the treat-
ment of neurologic diseases that result from a chronic
neurodegenerative condition.

In certain embodiments, the neurodegenerative condition
1s Alzheimer’s disease.

In certain embodiments, the neurodegenerative condition
1s frontotemporal dementia.

In certain embodiments, the neurodegenerative condition
1s Parkinson’s disease.

In certain embodiments, the neurodegenerative condition
1s Huntington’s disease.

In certain embodiments, the neurodegenerative condition
1s amyotrophic lateral sclerosis.

In certain embodiments, the neurodegenerative condition
1s Alzheimer’s disease.

In certain embodiments, the neurodegenerative condition
1s spinocerebellar ataxia.

In certain embodiments, the neurodegenerative condition
1s progressive supranuclear palsy.

In certain embodiments, the neurodegenerative condition
1s Lewy body disease.

In certain embodiments, the neurodegenerative condition
1s Kennedy’s disease.

In certain embodiments, the compounds, compositions,
and methods disclosed herein may be useful for the treat-
ment of neuropathies resulting from neural damage.

In certain embodiments, the neuropathy 1s chemotherapy-
induced peripheral neuropathy.

In certain embodiments, the neuropathy 1s diabetic neu-
ropathy.

In certain embodiments, the compounds, compositions,
and methods disclosed herein may be useful for the treat-
ment of cognitive disorders.

In certain embodiments, the cognitive disorder 1s caused
by pharmacological mtervention.

In certain embodiments, the cognitive disorder 1s chemo-
therapy induced cognitive disorder.

In certain embodiments, the the compounds, composi-
tions, and methods disclosed herein may be coadministered
with another therapeutic agent.

In certain embodiments, the the compounds, composi-
tions, and methods disclosed herein may be coadministered
with another therapeutic agent for the treatment of cognitive
disorders.

Besides being usetul for human treatment, certain com-
pounds and formulations disclosed herein may also be usetul
for veterinary treatment of companion animals, exotic ani-
mals and farm animals, including mammals, rodents, and the
like. More preferred animals include horses, dogs, and cats.

[.ist of Abbreviations

anhydrnide;  AcCl=acetyl  chlonide;
acid: AIBN=azobisisobutyronitrile;

Ac,O=acetic
AcOH=acetic
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ag.=aqueous; BAST=bis(2-methoxyethyl)aminosuliur trii-
luonde; Bu=butyl; Bu,SnH=tributyltin hydride;
CD,OD=deuterated methanol; CDCl,=deuterated chloro-
CDI=1,1'-carbonyldiimidazole; DAST=(diethyl-
amino)sulfur trifluonide; dba=dibenzylideneacetone
DBU=1,8-diazabicyclo[5.4.0Jundec-7-ene;

DCM=dichloromethane; DEAD=diethyl azodicarboxylate;

form;:

DIBAL-H=d1-1s0-butyl aluminium hydnde;
DIEA=DIPEA=N,N-diisopropylethylamine; DMAP=4-di-
methylaminopyridine; DMF=N,N-dimethyl-formamide;

DMSO-d . =deuterated dimethyl sulfoxide; DMSO=dimethyl
sulfoxide; DPPA=diphenylphosphoryl azide; dppi=1,1'-bis
(diphenylphosphino)ferrocene; EDC.HCI=EDCI.HCI=1-
cthyl-3-(3-dimethylaminopropyl)carbodiimide hydrochlo-
ride; Et=ethyl; Et,O=diethyl ether; EtOAc=ethyl acetate;
EtOH=ethanol; h=hour; HATU=2-(1H-"7-azabenzotriazol-1-
y1)-1,1,3,3-tetramethyl uronium hexafluorophosphate meth-
anaminium; HMDS=hexamethyl-disilazane; HOBT=1-hy-
droxybenzotriazole;

1-Pr=1sopropyl=2-propyl;
LAH=lithum aluminmiumhydride;
amide; LiHMDS=Lithium bis(t-
rimethylsilyl)amide;  MeCN=acetonitrile; Mel=methyl
10dide; MeOH=methanol; MP-carbonate
resin=macroporous tricthylammonium methylpolystyrene

1-PrOH=1s0propanol;

LDA=lithium dusopropyl

carbonate resin; MsCl=mesyl chloride; MTBE=methyl ter-
butyl

NaHMDS=Sodium
NaOFEt=sodium ethoxide;
NaOtBu=sodium t-butoxide; NBS=N-bromosuccinimide;
NCS=N-chlorosuccinimide;

NMP=N-Methyl-2-pyrrolidone;

enylphosphine)-palladium(0);

cther; n-BulLi=n-butyllithium;

bis(trimethylsilyl)amide;
NaOMe=sodium methoxide;

NIS=N-10dosuccinimide;
Pd(Ph,) =tetrakis(triph-
Pd,(dba),=tris(dibenzylide-
PdCl,(PPh,),=bis(triphenyl-
phosphine)palladium(II) dichloride; PG=protecting group;
Ph=phenyl; prep-HPLC=preparative high-performance lig-
uid
PMBCl=para-methoxybenzyl

neacetone )dipalladium(0);

PMBCl=para-methoxybenzyl;
chloride; PMBOH=para-
PyBop=(benzotriazol-1-yloxy)

chromatography;

methoxybenzyl  alcohol;

tripyrrolidinophosphonium hexafluorophosphate;
Pyr=pyridine; RT=room temperature; RuPhos=2-dicyclo-
hexylphosphino-2',6'-diisopropoxybiphenyl; sat.=saturated;
ss=saturated solution; tBu=t-Bu=tert-butyl=1,1-dimethyl-
cthyl; TBAF=tetrabutylammonium fluoride; TBDPS=t-bu-

tyldiphenylsilyl; t-BuOH=tert-butanol;
T3P=Propylphosphonic Anhydride;
TEA=Et,N=triethylamine; TFA=trifluoroacetic acid;
TEFAA=trifluoroacetic anhydride; THF=tetrahydrofuran;
TIPS=trusopropylsilyl; Tol=toluene; TsCl=tosyl

chloride=p-toluenesulionyl chloride; TosMIC=p-toluenesul-
tfonylmethyl 1socyanide; Trt=trityl=(triphenyl)methyl; Xant-
phos=4,5-Bis(diphenylphosphino)-9,9-dimethylxanthene;

XPhos=2-dicyclohexylphosphino-2',4",6'-triisopropylbiphe-
nyl.

General Synthetic Methods for Preparing
Compounds

The following schemes can be used to practice the present
invention.
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-continued

{01  BocHN SEN N N
102 10 N

R0z R
(‘\N 108
N / 15 .. :
< Example 1, and similar compounds, can be synthesized by

R AL using the general synthetic procedure set forth in Scheme 1.

Imidazole 103 1s obtained from reaction of aldehyde 101,

glyoxal, and amine 102. Reaction with two equivalents of

»o NIS gives the 4,5-diiodo compound 104. Transmetalation
with a Grignard reagent takes place selectively at the 5-po-
sition, and the resulting organometallic species 1s quenched

I with H™ to give the 4-10do compound 105. Removal of the
t-butoxy carbonyl (Boc) protecting group gives amine 106,

: 2N 25 which 1s then reacted with an alkylating agent R,,.—X,
4/< RMgX; grving 107. Use of a difunctionalized reagent for alkylation,

quench such as an a,w-dihaloalkane, will provide a cyclic amine

R, product. For example, use of 1-bromo-2-(2-bromoethoxy)
cthane will provide a product with a morpholine moiety. The

30 target compound 108 is obtained by reaction of an arylbo-

BocHN ronic ester with the 1odo-imidazole using well-established
104 coupling techniques. It 1s well understood by one trained 1n
T the art that many obvious modifications to the above general

route can be envisioned to IllOdlfy the Rl,, R3, Ellld ngz
H 33 aroups.

H” Scheme 11
—-
Ij R,
40 L
N NH,»

BocHN / N R
‘ F

105 /
I N4< N

45 R, (RO),B R3
I -
4 N metal catalyst
/ 2Rjpp—X

\

/

Rigpp—N
N _ 102 \
base R
R 102
>V 106
Ry
H,N N
106
720 N
I 55 S
%\f
N NH»
N / s e N /Q/N N
R ‘ = 00 /N Y
e ~
ropB” N g, R 02 .
g
metal catalyst 201
Rjpp—N
\

Ri02 65  The general synthetic procedure set tforth in Scheme 11 can
107 be used to introduce alternate R, groups into the compound.

Intermediate 106, prepared via Scheme I, or other applicable



US 10,093,664 B2

41

method, 1s reacted with an arylboronic ester using well-
established coupling techniques. It 1s well understood by one
trained in the art that many obvious modifications to the
above general route can be envisioned to modily the R, R;,
R,, and R,,, groups.

Scheme 111
(\N
N / 1) NIS _
2) RMgX;
quench
BnO
401
|
/N\ /NH2
ZN |
[ o™ Nk

-
Ij metal catalyst
BnO

NH,
N
/ N\ ..
— T
BF;
N N o
TFA
BnO
403
NH,
N
720 .
e— _ad
J \ [O]
9
HO
404
NH,
N
7200 .
R401M
e— ot
N N oT
Vs TMSCF;
+ F-
7
405
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-continued

@/N/I/\N
HO R401

Example 5a/b, and similar compounds, can be synthesized

by using the general synthetic procedure set forth in Scheme
III (Bn=benzyl=PhCH,—). The first step of Scheme I 1s
performed with benzyl-protected glycolaldehyde 401 (ob-
tained from Scheme I using R,=BnOCH,, and bicyclo[1.1.1]
pentan-1-amine instead of amine 102) to give (benzyl)oxy
compound 402. The procedure of Scheme I 1s continued up
to the coupled (benzyl)oxy intermediate 403, which 1s
deprotected under acidic conditions to give primary alcohol
404. The alcohol 1s oxidized to the corresponding aldehyde
405, then reacted with a suitable organometallic reagent to
give secondary alcohol 406. Alternatively, aldehyde 405 1s
reacted with TMSCF; 1n the presence of F~ to provide 406
(R,,,=CF;). Optionally, the enantiomers of 406 can be
separated by methods known 1n the field (not shown), such
as chromatography. It 1s well understood by one trained 1n
the art that many obvious modifications to the above general
route can be envisioned to modily the R; and R, groups.

Scheme [V
@
N / NIS
BnO
BocHN
501
I
I
/ /N
a) H+
N ) _
b) base,
2 R50—X
BnO
BocHN 500
I
I
/ N
N / RMgX;
quench
-
BnO
Rsp1~ N
\
Rso;
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I
%\/ N N\ NH,
N
(RO)»B / Rs
-
Y BnO metal catalyst
Ris501~ N
\
Rso;
504
NH,
"\
/ R3 1) BF;
—— or
TEA
—— -
2) [O]
/N
Rs0] Ao
NH,
N
p— Jw-
Rs0oM
N N
Ry
N\ /Q/ V4
/
Rs01 O/
NI

N N
Rsm\ /Q/ \/
/
RSO] HO/\R5[}2
506

Example 7a/b, and similar compounds, can be synthesized
by using the general synthetic procedure set forth 1n Scheme
IV. The first step of Scheme I 1s performed using
R,=BnOCH, to give Boc/(benzyl)oxy compound 501. Con-
version to the diiodo compound 502 1s followed by Boc
removal and amine alkylation to give tertiary amine 503.
The monoiodo compound 1s obtained by reaction with
Grignard reagent, followed by acid quench, to give 504. The
procedure of Scheme IV 1s continued to afford aldehyde 505,
which 1s transformed to secondary alcohol 506. Optionally,
the enantiomers of 506 can be separated by methods known
in the field (not shown), such as chromatography. It 1s well
understood by one tramned in the art that many obvious
modifications to the above general route can be envisioned
to modity the R;, R.,,, and R.,, groups.
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Scheme V
1) base, Br
‘ Br
I AN e
7 /N ~y
N4< Is
-
R, 2) H,
H->N
. 103
I
7 /N R 19— CHO
N4< (R30; = alkylaryl)
Ri 7 T\
(\N .
\) R301—CH2BI‘
/_,N
H (R3] = alkyl/

301 aryl/
alkenyl/
alkynyl)

|
/ /N
N NH
N4< o 2
j )
. (RO),B = g,
N :
metal catalyst
VN\)
R301
302
NH,
N
7200 N
N N
S
(\N
R,
P
R301/
303

Example 12, and similar compounds, can be synthesized
by using the general synthetic procedure set forth in Scheme
V. Intermediate 105, prepared via Scheme I, or other appli-
cable method, 1s reacted with a suitably protected o,m-
dibromo compound, such as the N-tosyl compound shown,
to give a cyclic amine. Removal of the tosyl group 1s
accomplished 1n acid to give 301. This compound can be

carried on to the next step, or optionally modified under
alkylation or reductive amination conditions with an appro-
priate alkylating agent or carboxaldehyde, to give 302.
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Synthesis 1s completed by coupling 302 as shown 1in Scheme
[ or Scheme II. The functional group R,,, can be modified
at this point if desired. It 1s well understood by one trained
in the art that many obvious modifications to the above
general route can be envisioned to modity the R, R,, and
R5q4; groups.

Scheme VI
CO,Me
a) H+
-
b) base,
Reg—X
BocHN
601
CO->Me
a) OH-
-
b) SOCl,
N benzotriazole
Reoi™™ '\
Rgo1
602
O
N N
N=N
O / N
N O
S R.
O
.
MgBr
N
Reor™™ '\
Reo1
603
O
N
S N
- /
O O
R3
o
R,NHNH,
N
Réo1 \
601 604
Reo1 N NH
| N
N \
R601/ /
.
) -
/N—N
R,

605

Example 11, and similar compounds, can be synthesized
by using the general synthetic procedure set forth 1n Scheme
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V1. Boc-protected amino bicycloester 601 1s deprotected
with acid, then reacted with alkylating agent to give tertiary
amine 602. The ester 1s hydrolyzed, and the resulting car-
boxylic acid 1s converted to benzotriazole amide 603. Reac-
tion with phthalimide protectedacetylpyridine gives dike-
tone 604, which 1s reacted with substituted hydrazine, which
accomplishes both pyrazole formation and phthalimide
cleavage. It 1s well understood by one trained in the art that
many obvious modifications to the above general route can
be envisioned to modily the R, R;, and R.,, groups.

Scheme VII
NH,
O 0
” </ 0 OH
—
‘ Ry ND/

0O 91 Me0OC

601

N
/ F
MeOQOC
602
I
I Y
N
/ RMgX;
N quench
-
R
MeOO
¢ 603
I
H
/ /N
N < DIBAL-H
R, >
MeOOC
604
I
H
/ N
N4/< TosMIC
-
R, base
OHC
605
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-continued

: N NH,
R
RO N g,
-
metal catalyst
N—
&/O
606
NH>

Example 27/, and similar compounds, can be synthesized
by using the general synthetic procedure set forth 1n Scheme
VII. Imidazole 602 1s obtained from reaction of aldehyde
101, glyoxal, and amine/ester 601. Reaction with two
equivalents of NIS gives the 4,5-diiodo compound 603.
Transmetalation with a Grignard reagent takes place selec-
tively at the S-position, and the resulting organometallic
species 1s quenched with H” to give the 4-iodo compound
604. The ester group 1s reduced to the aldehyde with
DIBAL-H to give carboxaldehyde 605. Reaction with
p-toluenesulionylmethyl 1socyanide (TosMIC) forms the
oxazole group of 606. The target compound 607 1s obtained
by the coupling techmiques disclosed above. It 1s well
understood by one tramned in the art that many obvious
modifications to the above general route can be envisioned
to modily the R, R;, and R, ,, groups.

The invention 1s further illustrated by the following
examples.

Example 1

S-(2-cyclopropyl-1-(3-morpholinobicyclo[1.1.1]
pentan-1-yl)-1H-imidazol-4-y1)-3-(trifluoromethoxy)
pyridin-2-amine

OCF

Step 1: tert-butyl (3-(2-cyclopropyl-1H-1midazol-1-
yD)bicyclo[1.1.1]pentan-1-yl)carbamate

To a solution of cyclopropanecarbaldehyde (0.70 g, 10
mmol) in MeOH (10 ml) at 25° C. was added tert-butyl
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(3-aminobicyclo[1.1.1]pentan-1-yl)carbamate (1.98 g, 10
mmol) dropwise tollowed by addition of NH,OAc (0.77 g,
10 mmol). Glyoxal (1.45 g, 10 mmol) was then added
dropwise and the mixture was allowed to stir at 25° C. for
24 h, then concentrated under reduced pressure. The residue
was purified by S10, gel chromatography (0% to 8% MeOH
in CH,Cl,) to give the title compound as a pale yellow
foamy solid (1.75 g, 60% yield). MS (ES™) C, H,;N,O,
requires: 289, found: 290 [M+H]™.

Step 2: tert-Butyl (3-(2-cyclopropyl-4,35-diiodo-1H-
imidazol-1-yl)bicyclo[1.1.1]pentan-1-yl)carbamate

To a solution of the product from the previous step (1.75

g, 6.05 mmol) mn DMF (20 ml) was added NIS (4.08 g, 18.1
mmol) and the resulting mixture was stirred at 60° C. for 1
h. Sat. ag. Na,S,0; (10 ml) and water (100 ml) were then
added. The aqueous phase was extracted with EtOAc (3x50
ml.), and the combined organic layers were washed with sat.
aq. NaCl, dried over MgSQO,, filtered and concentrated under
reduced pressure. The residue was purified by S10, gel
chromatography (0% to 30% EtOAc in hexanes) to give the
title compound as a white foamy solid (1.94 g, 59%). MS
(ES™) C, H,,I,N;0O, requires: 541, found: 542 [M+H]".

Step 3: tert-Butyl (3-(2-cyclopropyl-4-i0do-1H-
imidazol-1-yl)bicyclo[1.1.1]pentan-1-yl)carbamate

To a solution of the product from the previous step (1.94
g, 3.58 mmol) in THF (30 ml) was added 2.0 M 1PrMgCl 1n

THF solution (2.69 ml, 5.38 mmol), and the resulting
mixture was stirred at —15° C. for 1 h. Sat. ag. NH,CI (50
ml) was added, and the layers were separated. The aqueous
layer was extracted with EtOAc (3x50 mL), and the com-
bined organic layers were washed with sat. aq. NaCl, dried
over MgSQO,, filtered and concentrated under reduced pres-
sure. The residue was purified via S10,, gel chromatography
(0% to 40% EtOAc 1n hexanes) to give the title compound
as a white foamy solid (1.27 g, 85%). MS (ES™)
C,H,,IN,O, requires: 4135, found: 416 [M+H]".

Step 4: 3-(2-cyclopropyl-4-10do-1H-1midazol-1-yl)
bicyclo[1.1.1]pentan-1-amine bis(2,2,2-trifluoroac-
ctate)

A solution of the product from the previous step (1.27 g,
3.06 mmol) 1n TFA (10 ml) and CH,C1, (10 ml) was stirred
at 20° C. for 2 h, then concentrated under reduced pressure.
The residue was lyophilized to give the crude title com-
pound as a white solid (assumed quantitative yield), which
was used 1n the next step without further purification. MS

(ES™) C,,H,.IN, requires: 315, found: 316 [M+H]".

Step 5: 4-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yl)bicyclo[1.1.1]pentan-1-yl)morpholine

To a solution of the the product from the previous step
(1.2 g, 2.2 mmol) in MeCN (20 ml) were added K,COj,

(1.527 g, 11.05 mmol) and 1-bromo-2-(2-bromoethoxy)
cthane (1.54 g, 6.63 mmol) and the resulting mixture was
stirred at 90° C. for 16 h. The reaction mixture was filtered
through CELITE®, and the filtrate was concentrated under
reduced pressure. The residue was purified via 510, gel
chromatography (0% to 4% MeOH i CH,Cl,) to give the
title compound as a white solid (630 mg, 74%). MS (ES™)
C,:H,,IN,O requires: 385, found: 386 [M+H]".
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Step 6: 5-(2-cyclopropyl-1-(3-morpholinobicyclo
[1.1.1]pentan-1-yl)-1H-1midazol-4-y1)-3-(tritluo-
romethoxy)pyridin-2-amine

50
Step 1: tert-Butyl (3-(2-1sopropyl-1H-1imidazol-1-yl1)
bicyclo[1.1.1]pentan-1-yl)carbamate

P ]

Io a solution of 1sobutyraldehyde (14.55 g, 201.8 mmol)

A degassed solution of the product from the previous step > 1n MeOH (500 ml) were added tert-butyl (3-aminobicyclo

(630 mg, 1.64 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxa-

borolan-2-y1)-3-(trifluoromethoxy)pyridin-2-amine (597
mg, 1.96 mmol), PdCL,(dppt)-CH,Cl, (66.8 mg, 0.082
mmol) and K,CO; (2.45 ml, 4.91 mmol) in DMF (10 ml)

was stirred at 90° C. for 1 h. Water (50 ml) and IM aqg. HCI
(10 ml) were added, and the resulting mixture was extracted
with EtOAc (3x30 ml). The aqueous layer was basified with
10% aq. NaOH to pH 5 and then with sat. aq. NaHCO, to pH
8. The aqueous layer was then extracted with EtOAc (3x350
ml). The combined organic layers were washed with sat. aq.
NaCl, dried over MgSO,, filtered and concentrated under
reduced pressure. The residue was purified via S10, gel
chromatography (0% to 8% MeOH in CH,Cl,) to give the
title compound as a white solid (560 mg, 79%). MS (ES™)
C,,H,.,F;N.O, requires: 435, found: 436 [M+H]*. '"H NMR
(MeOD) 0: 8 22 (s, 1H), 7.78 (s, 1H), 7.31 (s, 1H), 3.73 (t,
4H, J=4.6 Hz), 2.56 (t, 4H, J=4.4 Hz), 2.44 (s, 6H), 2.05-
1.99 (m, 1H), 1.03-0.96 (m, 4H).

Example 2

NH,

N
X
A

CF;

Example 2 was made 1n a similar fashion to example 1,
using 1sobutyraldehyde 1n Step 1 and 5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-3-(trifluoromethyl)pyridin-2-
amine in Step 6. MS (ES™) C,,H,F;N.O requires: 421,
found: 422 [M+H]*. 'H NMR (MeQOD) &: 8 52 (d, 1H, J=2. O
Hz), 8.17 (d, 1H, J=1.9 Hz), 7.8 (s, 1H), 3.77 (t, 4H, J=4.6
Hz), 3.65-3.59 (m, 1H), 2.68 (t, 4H, J=4.6 Hz), 2.59 (s, 6H),
1.46 (d, 6H, J=7.0 Hz).

Example 3

5-(2-1sopropyl-1-(3-morpholinobicyclo[1.1.1]pen-
tan-1-yl)-1H-1imidazol-4-yl1)-3-(trifluoromethoxy)
pyridin-2-amine

NH,

OCF;
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[1.1.1]pentan-1-yl)carbamate (40 g, 200 mmol), NH,OAc
(15.55 g, 201.7 mmol) and 40% aq. glyoxal (29.3 g, 202
mmol). The mixture was stirred at 25° C. for 16 h, then

concentrated under reduced pressure. To the residue was
added sat. ag. NaHCO; (500 mL) and the mixture was
extracted with EtOAc (3x300 mL). The combined organic
layers were washed with sat. ag. NaCl, dried over MgSQO,,
filtered and concentrated under reduced pressure to give the
crude title compound (52.5 g, 89%), which was used without
turther purification. MS (ES™) C, .H,.N,O, requires: 291,
found: 292 [M+H]".

Step 2: tert-Butyl (3-(4,5-di1odo-2-1sopropyl-1H-
imidazol-1-yl)bicyclo[1.1.1]pentan-1-yl)carbamate

To a solution of the product from the previous step (52.5
g, 180 mmol) in DMF (200 ml) was added NIS (122 g, 541
mmol) and the resulting mixture was stirred at 80° C. for 1
h. To the mixture were added water (1000 ml) and sat. aq.
Na,S,0; (100 ml), and the mixture was extracted with
EtOAc (3x300 mL). The combined organic layers were
washed with sat. aq. NaCl, dried over MgSQO,, filtered and
concentrated under reduced pressure. The residue was puri-
fied by S10, gel chromatography (0 to 40% EtOAc 1n
hexanes) to give the title compound as a white foamy solid
(29.8 g, 30%). MS (ES™) C,.H,;I,.N O, requires: 543,
found: 344 [M+H]".

Step 3: tert-butyl (3-(4-10do-2-1sopropyl-1H-1mida-
zol-1-yD)bicyclo[1.1.1]pentan-1-yl)carbamate

To a solution of the product from the previous step (29.8
g 54.9 mmol) in THF (300 ml) was added a 2.0 M 1PrMg(l]
in THF solution (35.7 ml, 71.3 mmol), and the resulting
mixture was stirred at —78° C. for 1 h then treated with sat.
aq. NH,C1 (500 mL). The aqueous phase was extracted with
EtOAc (3x200 mL), and the combined organic layers were
washed with sat. aq. NaCl, dried over MgSQO,, filtered and
concentrated under reduced pressure. The residue was puri-
fied by S10, gel chromatography (0 to 50% EtOAc 1n
hexanes) to give the title compound as a white solid (21.4 g,
93%). MS (ES") C, H,,IN,O, requires: 417, found: 418
[M+H]™.

Step 4: 3-(4-10do-2-1sopropyl-1H-1imidazol-1-yl)
bicyclo[1.1.1]pentan-1-amine dihydrochloride

AcCl (72.9 ml, 1030 mmol) was added dropwise to
MeOH (300 ml). The resulting solution was allowed to cool
to RT, then added to a flask containing the product from the
previous step (21.4 g, 51.3 mmol) The resulting mixture was
stirred at RT for 6 h, then concentrated under reduced

pressure to give the crude title compound as a white solid
(22.3 g, 111%), which was used without further purification.
MS (ES™) C,,H, (IN; requires: 317, found: 318 [M+H]".

Step 5: 4-(3-(4-10do-2-1sopropyl-1H-imidazol-1-yl1)
bicyclo[1.1.1]pentan-1-yl)morpholine

To a solution of the product from the previous step (20 g,
51 mmol) mm MeCN (300 ml) were added 1-bromo-2-(2-

bromoethoxy)ethane (35.7 g, 154 mmol) and K,CO, (28.4 g,
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205 mmol), and the resulting mixture was stirred at 90° C.
for 16 h. The mixture was allowed to cool to RT, then filtered
through CELITE® and the filtrate was concentrated under
reduced pressure. The residue was purified by S10, gel
chromatography (0 to 4% MecOH 1 DCM) to give the title
compound as a white solid (16.1 g, 81%). MS (ES™)
C,-H,,IN,O requires: 387, found: 388 [M+H]".

Step 6: 3-(2-1sopropyl-1-(3-morpholinobicyclo
[1.1.1]pentan-1-yl)-1H-1midazol-4-yl)-3-(tritluo-
romethoxy)pyridin-2-amine

A degassed solution of the product from the previous step
(16.1 g, 41.6 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)-3-(trifluoromethoxy)pyridin-2-amine (12.6 g,
41.6 mmol), PdCl,(dpp1)-CH,Cl, (1.698 g, 2.079 mmol)
and 2.0 M aq. K,CO, (41.6 ml, 83 mmol) in DMF (100 ml)
was stirred at 90° C. for 2 h. The mixture was allowed to

cool to RT, then water (1000 ml) and 1 M aq. HCI (100 mL)

were added. The aqueous phase was extracted with EtOAc

(3x300 mL). The aqueous layer was adjusted to pH 8-9
using 10% aqg. NaOH, then extracted with EtOAc (3x300

ml). The second set of combined organic layers were washed
with sat. aq. NaCl, dried over MgSQO,, filtered and concen-
trated under reduced pressure. The residue was purified by
S10, gel chromatography (0 to 10% MeOH 1n DCM) to give
the title compound as a white solid (14.2 g, 78%). MS (ES™)
C,,H, F.N.O, requires: 437, found: 438 [M+H]*. '"H NMR
(CD,0D) o 8.28 (d, 1H, ]=2.0 Hz), 7.90 (s, 1H), 7.77 (s,
1H), 3.78 (t, 4H, J=4.7 Hz), 3.64-3.58 (m, 1H), 2.71 (t, 4H,
J=4.7 Hz), 2.60 (s, 6H), 1.46 (d, 6H, J=7.0 Hz).

Example 4

\
/

CF;

Example 4 was made 1n a similar fashion to example 1,
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl1)-3-
(trifluoromethyl)pyridin-2-amine in Step 6. MS (ES™)
C,,H,.F.N.O requires: 419, found: 420 [M+H]*. "H NMR
(MeOD) o: 848 (d, 1H, J=2.0 Hz), 8.14 (d, 1H, J=1.9 Hz),
7.82 (s, 1H), 3.80 (t, 4H, J=4.6 Hz), 2.79 (t, 4H, J=4.4 Hz),
2.66 (s, 6H), 2.34-2.29 (m, 1H), 1.39-1.23 (m, 4H).
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Example Sa/b

(S)-(4-(6-amino-5-(trifluoromethyl)pyridin-3-yl)-1-
(bicyclo[1.1.1]pentan-1-yl)-1H-1midazol-2-y1)(cy-
clopropyl)methanol and (R)-(4-(6-amino-5-(tritluo-
romethyl)pyridin-3-y1)-1-(bicyclo[1.1.1]pentan-1-
yl)-1H-1imidazol-2-yl)(cyclopropyl)methanol

O\
4
\

CF;

ie
~
g\

HOHM,,_

NH,

O\

\ /

CF;

¥
I

HO

Step 1: (4-(6-amino-5-(trifluoromethyl)pyridin-3-
yl)-1-(bicyclo[1.1.1]pentan-1-yl)-1H-1imidazol-2-yl)
(cyclopropyl )methanol

A mixture of 4-(6-amino-3-(trifluoromethyl)pyridin-3-
y1)-1-(bicyclo[1.1.1]pentan-1-yl)-1H-1imidazole-2-carbalde-
hyde (180 mg, 0.559 mmol) and cyclopropylmagnesium
chloride (536.3 mg, 0.559 mmol) in THF (2793 ul) was stirred
at 0° C. for 2 h. The mixture was diluted with EtOAc and
washed with sat. aq. NH,Cl. The organic layer was filtered
through cotton and concentrated under reduced pressure.

The residue was purified by reverse phase preparative HPLC
(Mobile phase: A=0.1% TFA/water, B=0.1% TFA/MeCN;

Gradient: B=10% to 30% 1n 12 min; Column: C18) to give
the racemic title compound (90 mg, 44%). MS (ES™):
C,H, FiN,O requires: 364, found: 365 [M+H]". The race-

mic title compound was separated by chiral HPLC (Column:

Enantiopak AD (100x4.6 mm 5 um); eluant: 0.2% ammonia

in MeOH) to obtain two enantiomers. Enantiomers were

assigned by analogy to examples 7a and 7b.

Sa: (Retention time=1.62 min) was 1solated as a white
solid (12.7 mg, 14%). MS (ES™): C,.H,,F;N,O requires:
364, found: 365 [M+H]*. 'H NMR (500 MHz, CDCl,) é:
8.56 (s, 1H), 8.09 (s, 1H), 7.03 (s, 1H), 4.94 (s, 2H),
4.67-4.49 (m, 1H), 2.83-2.73 (m, 1H), 2.66 (s, 1H), 2.35 (x,
J=7.3 Hz, 6H), 1.32-1.15 (m, 1H), 0.71-0.29 (m, 4H).

Sb: (Retention time=2.24 min) was 1solated as a white
solid (15.7 mg, 17%). MS (ES™): C,.H, ,F;N,O requires:
364, found: 365 [M+H]*. '"H NMR (500 MHz, CDCl,) 8§
8.56 (s, 1H), 8.09 (s, 1H), 7.03 (s, 1H), 4.94 (s, 2H),
4.67-4.49 (m, 1H), 2.83-2.73 (m, 1H), 2.66 (s, 1H), 2.35 (x,
J=7.3 Hz, 6H), 1.32-1.15 (mm, 1H), 0.71-0.29 (m, 4H).
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Example 6a/b

(S)-1-(4-(6-amino-3-(tritfluoromethyl)pyridin-3-yl)-
1-(bicyclo[1.1.1]pentan-1-yl)-1H-1midazol-2-y1)-2,2,
2-trifluoroethanol and (R)-1-(4-(6-amino-3-(tritluo-
romethyl)pyridin-3-yl)-1-(bicyclo[1.1.1]pentan-1-
y1)-1H-1imidazol-2-yl)-2,2,2-trifluoroethanol

T\
/
\

g

HO”HI.,

CF;
NH,

A\

\ /

CF;

Sy

HO

CF;

Step 1: 2-((benzyloxy)methyl)-1-(bicyclo[1.1.1]
pentan-1-yl)-4,5-diiodo-1H-1imidazole

To a solution of 2-(benzyloxy)acetaldehyde (600 mg, 4.00
mmol) in MeOH (3.3 mL) were added bicyclo[1.1.1]pentan-
l-amine (831 mg, 10.0 mmol), NH,OAc (771 mg, 10.0
mmol) and 40% aq. glyoxal (1451 mg, 10.00 mmol). The
resulting mixture was stirred at RT for 6 h, then concentrated
under reduced pressure. The residue was diluted with
EtOAc, washed with water, and concentrated under reduced
pressure to give crude 2-(benzyloxymethyl)-1-(bicyclo
[1.1.1]pentan-1-yl)-1H-imidazole (MS (ES™) C, .H,:N,O
requires: 254, found: 255 [M+H]"), which was dissolved in
DMF (3.3 mL) then treated with NIS (6750 mg, 30.0 mmol).
The mixture was stirred at 90° C. for 30 min, allowed to cool
to RT, then treated with sat. aq. Na,S,0O,. The mixture was
rapidly stirred at RT for 30 min, then partitioned between
EtOAc and water. The organic layer was concentrated under
reduced pressure, and the residue was purified by S10, gel
chromatography (0% to 100% EtOAc 1n hexanes) to give the
title compound as a brown solid (1200 mg, 24%). MS (ES™)
C,H,IL.IN,O requires: 506, found: 507 [M+H]".

Step 2: 2-(benzyloxymethyl)-1-(bicyclo[1.1.1]pen-
tan-1-yl)-4-10do-1H-1midazole

To a solution of the product from the previous step (0.5 g,
1 mmol) in THF (10 mL) at -60° C. was added a 3.0 M

EtMgBr 1n Et,O solution (1 mL, 3 mmol), and the mixture
was stirred for 30 min then treated with sat. aq. NH,Cl. The
mixture was extracted with EtOAc (3x50 mL), and the
combined organic layers were washed with sat. aq. NaCl (30
mlL.), dned over Na,SQO,, filtered and concentrated under
reduced pressure to give the title compound as a yellow o1l
(0.35 g, 92%), which was used without further purification.

MS (ES™) C,H,-IN,O requires: 380, found: 381 [M+H]".

Step 3: 5-(2-(benzyloxymethyl)-1-(bicyclo[1.1.1]
pentan-1-yl)-1H-1imidazol-4-yl1)-3-(trifluoromethyl)
pyridin-2-amine

A mixture of the product from the previous step (230 mg,
0.60 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
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y1)-3-(trifluoromethyl)pyridin-2-amine (208 mg, 0.722
mmol), 2 M aq. K,CO, (2 mL, 4 mmol) and Pd(dppt)Cl, (54
mg, 0.065 mmol) in DMF (6 mL) was degassed and purged
with N, then stirred at 90° C. for 30 min. The mixture was
allowed to cool to RT, filtered, and the filtrate was concen-
trated under reduced pressure. The residue was purified by
S10, gel chromatography (1:1 EtOAc/petroleum ether) to
give the ftitle compound (180 mg, 72%). MS (ES™):
C,.H, F;N,O requires: 414, found: 415 [M+H]".

Step 4: (4-(6-amino-5-(trifluoromethyl)pyridin-3-
yl)-1-(bicyclo[1.1.1]pentan-1-yl)-1H-1midazol-2-yl)
methanol

To a mixture of the product from the previous step (180
mg, 0.43 mmol) in DCM (40 mL) at 0° C. was added
BF,—SMe, complex (0.8 ml). The mixture was stirred
overnight, allowing to warm to RT, then treated with with 1
M aq. NaOH until the aqueous phase had pH=11. The
mixture was extracted with DCM (2x50 mlL), and the
combined organic layers were washed with sat. agq. NaCl (35
mlL), dried over Na,SO,, filtered and concentrated under

reduced pressure. The residue was purified by S10, gel
chromatography (10:1 DCM/MeOH) to give the title com-

pound (100 mg, 71%). MS (ES™): C,H,F;N,O requires:
324, found: 325 [M+H]".

Step 5: 4-(6-amino-5-(trifluoromethyl )pyridin-3-yl)-
1-(bicyclo[1.1.1]pentan-1-yl)-1H-1imidazole-2-carb-
aldehyde

To a mixture of the product from the previous step (100
mg, 0.3 mmol) in DCM (40 mL) was added MnO, (254 mg,
2.92 mmol). The mixture was stirred overnight then filtered
through CELITE®, and the filtrate was concentrated under
reduced pressure to give the title compound (100 mg,
100%). MS (ES™): C,;H,,F;N,O requires: 322, found: 323
[M+H]™.

Step 6: 1-(4-(6-amino-5-(tritfluoromethyl)ypyridin-3-
yl)-1-(bicyclo[1.1.1]pentan-1-yl)-1H-1imidazol-2-y1)-
2,2 ,2-trifluoroethanol

To a solution of the product from the previous step (50
mg, 0.15 mmol) in THF (3 mL) at 0° C. was added TMSCF,
(0.11 mL, 0.75 mmol). The mixture was stirred for 5 muin,
then a 1 M solution of TBAF 1n THF (0.75 mL, 0.75 mmol)
was added dropwise. The mixture was stirred overnight,
allowing to warm to RT, then treated with sat. aq. NaHCO,
and extracted with EtOAc (3x20 mlL). The combined
organic layers were washed with sat. ag. NaCl (35 mlL),
dried over Na,SO,, filtered and concentrated under reduced

pressure. The residue was purified by reverse phase prepara-
tive HPLC (Mobile phase: A=10 mM ammonium bicarbon-

ate/water, B=MeCN; Gradient: B=5% to 95% in 18 min;
Column: C18) to give the racemic title compound as a white
solid (30 mg, 50%). MS (ES™): C, ;H,,F.N,O requires: 392,
found: 393 [M+H]". The racemic title compound was sepa-
rated by chiral HPLC (Column: Enantiopak AD (100x4.6
mm 5 um); eluant: 0.1% DEA in IPA) to obtain two
cnantiomers. Enantiomers were assigned by analogy to
examples 7a and 7b.

6a: (Retention time=1.38 min) was 1solated as a white
solid (9 mg, 30%). MS (ES™): C,H,,FN_,O requires: 392,
found: 393 [M+H]*. 'H NMR (500 MHz, CDCl,) &: 8.56 (s,
1H), 8.08 (s, 1H), 7.14 (s, 1H), 5.19-5.09 (m, 1H), 5.00 (s,
2H), 4.35-4.15 (m, 1H), 2.71 (s, 1H), 2.40-2.35 (m, 6H).
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6b: (Retention time=2.47 min) was 1solated as a white
solid (11 mg, 36%). MS (ES™): C, (H, ,F N,O requires: 392,
found: 393 [M+H]*. '"H NMR (500 MHz, CDCl,) 8 8.56 (s.
1H), 8.08 (s, 1H), 7.14 (s, 1H), 5.19-5.09 (m, 1H), 5.00 (s,
2H), 4.35-4.15 (m, 1H), 2.71 (s, 1H), 2.40-2.35 (m, 6H).

Examples 7a/7b

(S)-1-(4-(6-amino-5-(trifluoromethoxy )pyridin-3-
y1)-1-(3-morpholinobicyclo[1.1.1 ]pentan-1-y1)-1H-
imidazol-2-yl)-2-methylpropan-1-ol and (R)-1-(4-
(6-amino-5-(trifluoromethoxy)pyridin-3-yl)-1-(3-
morpholinobicyclo[1.1.1]pentan-1-y1)-1H-1midazol-
2-y1)-2-methylpropan-1-ol

o/\
N NH,
K/N\é\ ‘/ >
N
/y P ot
HOHH.,, N
O/\ N NH,
K/N\é\ ‘ >
N
\ 7 OCF;
==\

Step 1: tert-butyl N-[3-[2-(benzyloxymethyl jimida-
zol-1-y1]-1-bicyclo[1.1.1]pentanyl]carbamate

To a mixture of benzyloxyacetaldehyde (1.90 mL, 13.1
mmol) 1 MeOH (60 mL) were added tert-butyl (3-amino-
bicyclo[1.1.1]pentan-1-yl)carbamate (2.0 g, 10 mmol),
NH,OAc (3.14 g, 40.4 mmol) and 40% aq. glyoxal (1.65
ml., 14.4 mmol). The mixture was stirred at RT overnight,
then poured into water and extracted with EtOAc. The
organic layer was washed with sat. agq. NaCl, dried over
Na,SQO,, filtered and concentrated under reduced pressure to
give the crude title compound as a yellow o1l (1.74 g; 47%),
which was used directly in the next step. MS (ES™):
C,,H,,N,O; requires: 369, found: 370 [M+H]".

Step 2: tert-butyl 3-(2-(benzyloxymethyl)-4,35-di-
10do-1H-1imi1dazol-1-yl)bicyclo[1.1.1]pentan-1-ylcar-
bamate

To a mixture of the product from the previous step (1.74
g, 4.71 mmol) in DMF (50 mL) was added NIS (5.30 g, 23.6
mmol), and the mixture was stirred at 50° C. for 3 h then
poured 1nto water and extracted with EtOAc (2x60 mL). The
combined organic layers were washed with sat. aq. Na(Cl

(4x20 mL), dried over Na,SO,, filtered and concentrated

under reduced pressure. The residue was purified by S10,
gel chromatography (0% to 40% EtOACc 1n petroleum ether)
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to give the title compound as a yellow solid (2.4 g, 82%).
MS (ES™): C,,H,.I,N,O; requires: 621, found: 622
[M+H]™.

Step 3: tert-butyl 3-(2-(benzyloxymethyl)-4-10do-
1H-1imidazol-1-yl)bicyclo[1.1.1 ]pentan-1-ylcarbam-
ate

To a mixture of the product from the previous step (2.4 g,
3.9 mmol) in THF (45 mL) at -78° C. was added a 3.0 M
EtMgBr i Et,O solution (2.58 mL, 7.74 mmol), and the
mixture was stirred at —=78° C. for 2 h then treated with sat.
aq. NH,Cl and extracted with EtOAc (3x60 mL). The
combined organic layers were washed with sat. agq. NaCl (45
mlL), dried over Na,SO,, filtered and concentrated under
reduced pressure. The residue was purified by S10, gel
chromatography (10% to 60% EtOAc 1n petroleum ether) to
give the title compound as a white solid (1.2 g, 63%). MS
(ES™): C,,H,IN,O; requires: 495, found: 496 [M+H]".

Step 4: 4-(3-(2-(benzyloxymethyl)-4-10do-1H-1mi-
dazol-1-yl)bicyclo[1.1.1]pentan-1-yl)morpholine

To a mixture of the product from the previous step (1.2 g,

2.4 mmol) in DCM (25 mL) was added TFA (5 mL), and the
mixture was stirred at RT for 2 h then concentrated under
reduced pressure to give crude 3-(2-(benzyloxymethyl)-4-
i0do-1H-1midazol-1-yl)bicyclo[1.1.1]pentan-1-amine  trii-
luoroacetate as a brown o1l (MS (ES™): C,.H,IN,O
requires: 395, found: 396 [M+H]™"). The o1l was treated with
MeCN (25 mL), and to the mixture were added K,CO, (1.59
g, 11.5 mmol) and bis(2-bromoethyl) ether (1.08 mL, 6.91
mmol). The resulting mixture was stirred at 90° C. for 16 h,
then filtered through CELITE® and the filtrate was concen-
trated under reduced pressure. The residue was purified by
S10, gel chromatography (0% to 4% MeOH in CH,CI1,) to
give the title compound as a white solid (841 mg, 75%). MS
(ES™): C, H,,IN,O,, requires: 465, found: 466 [M+H]".

Step 5: 5-(2-(benzyloxymethyl)-1-(3-morpholinobi-
cyclo[1.1.1]pentan-1-y1)-1H-1imidazol-4-y1)-3-(trii-
luoromethoxy)pyridin-2-amine

A mixture of the product from the previous step (445 mg,
956 umol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
3-(trifluoromethoxy )pyridin-2-amine (436 mg, 1.43 mmol),
2 M aq. K,CO,; (2.39 mL, 4.78 mmol) and Pd(dpp1)Cl,
(119.54 mg, 143.45 umol) in DMF (5 mL) was degassed and
purged with N,, then stirred at 90° C. for 30 min. The
mixture was allowed to cool to RT, filtered, and the filtrate
was concentrated under reduced pressure. The residue was
purified by S10, gel chromatography (10% to 80% EtOAc in
petroleum ether) to give the title compound as a white solid
(400 mg; 81%). MS (ES*): C, . H,.F;N.O, requires: 515,
found: 516 [M+H]". "H NMR (500 MHz, CDCI,) § 8.35 (d,
J=1.8 Hz, 1H), 7.80 (d, J=1.5 Hz, 1H), 7.41-7.29 (m, SH),
7.09 (s, 1H), 4.72 (s, 2H), 4.64 (s, 2H), 4.55 (s, 2H),
3.86-3.67 (m, 4H), 2.53-2.44 (m, 4H), 2.31 (s, 6H).

Step 6: (4-(6-amino-5-(trifluoromethoxy )pyridin-3-
y1)-1-(3-morpholinobicyclo[1.1.1]pentan-1-y1)-1H-
imidazol-2-yl)methanol

A mixture of the product from the previous step (436 mg;
846 umol) n TFA (15 mL) was stirred at reflux overnight
then concentrated under reduced pressure. The residue was
partitioned between sat. aq. NaHCO; and DCM, and the
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organic layer was dried over MgSQO,, filtered and concen-
trated under reduced pressure to give the title compound as

a white solid (324 mg, 90%). MS (ES™): C,,H,,F;N.O,
requires: 425, found: 426 [M+H]*; '"H NMR (500 MHz,
CDCl,) 6 8.32 (appar br s, 1H), 7.77 (appar br s, 1H), 7.05
(s, 1H), 4.81 (appar br s, 2H), 4.73 (s, 2H), 3.77 (appar br
s, 4H), 2.53 (appar br s, 4H), 2.36 (s, 6H).

Step 7: 4-(6-amino-5-(trifluoromethoxy)pyridin-3-
y1)-1-(3-morpholinobicyclo[1.1.1 ]pentan-1-y1)-1H-
imidazole-2-carbaldehyde

To a mixture of the product from the previous step (297
mg; 698 umol) in CHCI, (75 mL) was added MnQO,, (639 mg,
6.98 mmol), and the mixture was stirred at RT overnight,
filtered, and the filtrate was concentrated under reduced
pressure. The residue was purified by S10, gel chromatog-
raphy (25% to 60% EtOAc 1n petroleum ether) to give the
title compound as a yellow solid (204 mg, 69%). MS (ES™):
C,.H, ,F.N.O, requires: 423, found: 424 [M+H]*; "H NMR
(500 MHz, CDCl,) ¢ 9.81 (d, J=0.7 Hz, 1H), 8.39 (d, J=1.9
Hz, 1H), 7.87 (s, 1H), 7.29 (d, J=1.5 Hz, 1H), 4.83 (s, 2H),
3.80-3.68 (m, 4H), 2.62-2.50 (m, 4H), 2.45 (s, 6H).

Step 8: (S)-1-(4-(6-amino-5-(trifluoromethoxy )pyri-
din-3-y1)-1-(3-morpholino bicyclo[1.1.1]pentan-1-
y1)-1H-1midazol-2-yl1)-2-methylpropan-1-ol and (R)-
1-(4-(6-amino-5-(trifluoromethoxy)pyridin-3-yl)-1-
(3-morpholino bicyclo[1.1.1]pentan-1-yl)-1H-
imidazol-2-yl)-2-methylpropan-1-ol

To a mixture of the product from the previous step (186
mg, 439 umol) i THF (5 mL) at -78° C. was added a 1.3
M 1PrMgCl/Li1Cl solution in THF (5.07 mL, 6.59 mmol) and
the mixture was stirred at —=78° C. for 2 h, allowed to warm
to RT overnmight, then treated with sat. ag. NH,Cl and
extracted with EtOAc (3x60 mL). The combined organic
layers were washed with sat. ag. NaCl (45 mL), dried over
Na,SQO,, filtered and concentrated under reduced pressure.
The residue was purified by S10, gel chromatography (0%
to 5% MEOH 1n DCM) to give the racemic title compound
as a yellow solid (50.5 mg, 25%). MS (ES™): C,,H,.FN.O,
requires: 467, found: 468 [M+H]*; '"H NMR (500 MHz,
MeOD) o 8.33 (d, J=1.9 Hz, 1H), 8.03 (s, 1H), 7.90 (s, 1H),
479 (d, J=6.9 Hz, 1H), 3.95-3.73 (m, 4H), 2.98-2.89 (m,
4H), 2.70 (q, J=9.3 Hz, 6H), 2.19 (dq, J=13.4, 6.7 Hz, 1H),
1.12 (d, J=6.6 Hz, 3H), 0.99 (d, J=6.8 Hz, 3H). The racemic
title compound was separated by chiral HPLC (Column:
O7Z—H (100x4.6 mm 5 um); eluant: 0.2% ammonia 1n
MeOH) to obtain two enantiomers. Enantiomers were
assigned based on a crystal structure of example 7a bound to
a DLK protein construct.

7a: (Retention time=1.74 min) was 1solated as a white
solid (9.8 mg, 39%). MS (ES™): C,,H,.F;N.O; requires:
467, found: 468 [M+H]*; 'H NMR (400 MHz, CDCl,) 8
8.33 (d, I=1.8 Hz, 1H), 7.77 (s, 1H), 7.00 (s, 1H), 4.76 (s,
2H), 4.49 (br s, 1H), 3.79-3.71 (m, 4H), 2.96 (br s, 1H),
2.59-2.44 (m, 4H), 2.40-2.29 (m, 6H), 2.18-2.10 (m, 1H),
1.02 (d, J=6.7 Hz, 3H), 0.96 (d, J=6.8 Hz, 3H).

7b: (Retention time=2.37 min) was 1solated as a white
solid (9.6 mg, 38%). MS (ES"): C,,H,:F:N.O, requires:
467, found: 468 [M+H]*; 'H NMR (400 MHz, CDCI,) &
8.33 (d, I=1.8 Hz, 1H), 7.77 (s, 1H), 7.00 (s, 1H), 4.78 (s,
2H), 4.49 (br s, 1H), 3.80-3.68 (m, 4H), 3.02 (br s, 1H),
2.62-2.44 (m, 4H), 2.38-2.26 (m, 6H), 2.19-2.11 (m, 1H),
1.02 (d, J=6.7 Hz, 3H), 0.96 (d, J=6.8 Hz, 3H).

10

15

20

25

30

35

40

45

50

55

60

65

58
Examples 8a/8b

(S)-1-(4-(6-amino-5-(trifluoromethoxy )pyridin-3-
yl)-1-(3-morpholinobicyclo[1.1.1]pentan-1-y1)-1H-
imidazol-2-y1)-2,2.2-trifluoroethanol and (R)-1-(4-

(6-amino-3-(trifluoromethoxy )pyridin-3-yl)-1-(3-

morpholinobicyclo[1.1.1]pentan-1-yl)-1H-1midazol-
2-y1)-2,2,2-trifluoroethanol

/\ N NI,
N
N 7 OCF;
—
H'O'Hn N
3
bN\@\ ‘ >
N
N = OCFx
O N
CF,

Step 1: 1-(4-(6-amino-5-(trifluoromethoxy )pyridin-
3-y1)-1-(3-morpholinobicyclo[1.1.1 ]pentan-1-yl)-
1H-1midazol-2-y1)-2,2,2-trifluoroethanol

To a mixture of 4-(6-amino-3-(trifluoromethoxy)pyridin-
3-y1)-1-(3-morpholinobicyclo[1.1.1 ]pentan-1-yl)-1H-1mida-
zole-2-carbaldehyde (340 mg, 0.802 mmol) in THF (25 mL)
at 0° C. was added TMSCF; (1.6 mL, 12 mmol), the mixture
was stirred for 5 min, then to 1t was added dropwise a 1 M
TBAF 1 THF solution (4 mL, 4 mmol). The mixture was
stirred overnight, allowing to warm to RT, then treated with
sat. aq. NaHCO, and extracted with EtOAc (3x50 mL). The
combined organic layers were washed with sat. aq. NaCl (45
mlL), dned over Na,SO,, filtered and concentrated under
reduced pressure. The residue was purified by reverse phase
preparative HPLC (Mobile phase: A=10 mM ammonium
bicarbonate/water, B=MeCN; Gradient: B=5% to 95% i1n 18
min; Column: C18) to give the racemic title compound as a
white solid. MS (ES™): C,,H,,FN-O, requires: 477, found:
478 [M+H]". The racemic title compound was separated by
chiral HPLC (Column: Enantiopak AD (100x4.6 mm 35 um);
cluant: 0.1% DEA in IPA) to obtain two enantiomers.
Enantiomers were assigned by analogy to examples 7a and
7b.

8a: (Retention time=1.34 min) was 1solated as a white
solid (25 mg, 17%). MS (ES™): C, H,,FN.O, requires:
493, found: 494 [M+H]*; 'H NMR (500 MHz, CDCl,) &
8.35 (d, J=1.7 Hz, 1H), 7.76 (s, 1H), 7.12 (s, 1H), 5.13 (d,
J=5.3 Hz, 1H), 4.81 (s, 2H), 4.56 (s, 1H), 3.93-3.56 (i, 4H),
2.63-2.44 (m, 4H), 2.36 (q, ]=9.4 Hz, 6H).

8b: (Retention time=1.82 min) was 1solated as a white
solid (26 mg, 17%). MS (ES™): C, H, , F.N.O, requires:
493, found: 494 [M+H]*; 'H NMR (500 MHz, CDCl,) &
8.35(d, J=1.7 Hz, 1H), 7.76 (s, 1H), 7.12 (s, 1H), 5.13 (d,
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J=5.3 Hz, 1H), 4.81 (s, 2H), 4.56 (s, 1H), 3.93-3.56 (m, 4H),
2.63-2.44 (m, 4H), 2.36 (g, J=9.4 Hz, 6H).

Examples 9a/9b

(S)-1-(4-(6-amino-5-(trifluoromethoxy )pyridin-3-
y1)-1-(3-(4-(prop-2-ynyl)piperazin-1-yl)bicyclo
[1.1.1]pentan-1-yl)-1H-1imidazol-2-y1)-2-methylpro-
pan-1-ol and (R)-1-(4-(6-amino-3-
(trifluoromethoxy )pyridin-3-yl)-1-(3-(4-(prop-2-
ynyl)piperazin-1-yl)bicyclo[1.1.1]pentan-1-y1)-1H-
imidazol-2-yl)-2-methylpropan-1-ol

OCF;

NH,

R

\/\OCF3

Step 1: 1-(3-(2-(1-(benzyloxy)-2-methylpropyl)-4-
10do-1H-1imidazol-1-yl) bicyclo[1.1.1]pentan-1-vyl)-
4-tosylpiperazine

To a solution of tert-butyl 3-(2-(1-(benzyloxy)-2-methyl-
propyl)-4-10do-1H-imidazol-1-yl)bicyclo[1.1.1 ]pentan-1-
ylcarbamate (1.00 g, 1.86 mmol) in DCM (10 mL) was
added TFA (5 mL). The resulting mixture was stirred at RT
for 3 h, then concentrated under reduced pressure to give
crude 3-(2-(1-(benzyloxy)-2-methylpropyl)-4-10do-1H-1mi-
dazol-1-yl) bicyclo[1.1.1]pentan-1-amine trifluoroacetate
(MS (ES™) C,H,,IN,O requires: 437, found: 438 [M+H]").
This residue was treated with MeCN (15 mL) and to the
resulting mixture were added N,N-bis(2-bromoethyl)-4-
methylbenzenesulfonamide (2.15 g, 5.58 mmol) and K,CO,
(1.28 g, 9.26 mmol). The resulting mixture was stirred at 90°

C. overmght, then filtered through CELITE® and the filtrate
was concentrated under reduced pressure. The residue was

purified by S10, gel chromatography (0% to 90% EtOAc in
petroleum ether) to give the title compound as a white solid
(680 mg, 55%). MS (ES™): C,,H;-IN,O;S requires: 660,
found: 661 [M+H]".

10

15

20

25

30

35

40

45

50

55

60

65

60
Step 2: 1-(4-10do-1-(3-(piperazin-1-yl)bicyclo[1.1.1]
pentan-1-yl)-1H-1imidazol-2-yl)-2-methylpropan-1-ol

To a solution of the product from the previous step (680
mg, 1.03 mmol) in AcOH (5 mL) were added a 40% HBr 1n

AcOH solution (5 mL) and 4-hydroxybenzoic acid (427 mg,
3.09 mmol). The resulting mixture was stirred at RT over-
night, then diluted with water (10 mL) and washed with
EtOAc (3x20 mL). The aqueous layer was adjusted to pH=1
using NaOH, then extracted with EtOAc (3x20 mL). The
second set of combined organic layers was dried over
Na,SO,, filtered and concentrated under reduced pressure to
give the crude title compound as a colorless o1l (360 mg,
84%), which was used without further purification. MS
(ES™): C, (H,:IN,O requires: 416, found: 417 [M+H]".

Step 3: 1-(4-10do-1-(3-(4-(prop-2-ynyl)piperazin-1-
yl)bicyclo[1.1.1] pentan-1-yl)-1H-1imidazol-2-yl)-2-
methylpropan-1-ol

To a solution of the product from the previous step (360

mg, 0.86 mmol) in CHCl, (8 mL) at 0° C. were added
3-bromoprop-1-yne (153 mg, 1.29 mmol) and DIEA (333
mg, 2.58 mmol). The resulting mixture was stirred at 0° C.
for 6 h, then concentrated to give the crude title compound
as a white solid (340 mg, 64%), which was used without
turther purification. MS (ES™) C, H,-,IN,O requires: 454,
found: 455 [M+H]".

Step 4: 1-(4-(6-amino-3-(trifluoromethoxy )pyridin-
3-yD)-1-(3-(4-(prop-2-ynyl)piperazin-1-yl)bicyclo
[1.1.]pentan-1-y1)-1H-1imidazol-2-yl)-2-methylpro-

pan-1-ol

To a solution of the crude product from the previous step
from the previous step (340 mg, 0.75 mmol) in DMF (3 mL)
were added 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
y1)-3-(trifluoromethoxy)pyridin-2-amine (456 mg, 1.50
mmol), Pd(dpp1)CL, (83 mg, 0.11 mmol) and 2 M aq. K,CO,
(1.875 mL, 3.75 mmol). The resulting mixture was degassed
and purged with N,, then stirred at 90° C. for 30 min. The
mixture was allowed to cool to RT, filtered, and the filtrate
was concentrated under reduced pressure. The residue was
purified by reverse phase preparative HPLC (Mobile phase:
A=10M NH_HCO,/water, B=MeCN; Gradient: B=30% to
60% 1 9.5 min; Column: C18) to give the racemic ftitle
compound as a white solid (58 mg, 15%). MS (ES™
C,.H, ,F.N.O, requires: 504, found: 505 [M+H]™. The race-
mic title compound was separated by chiral HPLC Column:
O7Z—H (100x4.6 mm 5 um); eluant: 0.1% NH, in MeOH)
to obtain two enantiomers. Enantiomers were assigned by
analogy to examples 7a and 7b.

9a: (Retention time=1.29 min) (25 mg, 43%). MS (ES™)
C,.H,,F.N.O, requires: 504, found: 505 [M+H]*. '"H NMR
(500 MHz, CDCI ,) 0 8.33 (d I=1.8 Hz, 1H), 7.76 (s, 1H),
6.99 (s, 1H), 4.74 (s, 2H), 4.49 (s, 1H), 3.34 (d, J=2.3 Hz,
2H), 2.95 (s, 1H), 2.64 (d, J=27.8 Hz, 8H), 2.35 (q, ]=9.4 Hz,
6H), 2.2°7 (t, J=2.3 Hz, 1H), 2.14 (dd, J=13.2, 6.6 Hz, 1H),
0.99 (dd, J=28.1, 6.7 Hz, 6H).

Ob: (Retention time=1.99 min) (19 mg, 32%). MS (ES™)
C,.H,,F.N.O, requires: 504, found: 505 [M+H]*. '"H NMR
(500 MHz, CDCl,) ¢ 8.33 (d I=1.8 Hz, 1H), 7.77 (s, 1H),
7.00 (s, 1H), 4.72 (s, 2H), 4.50 (s, 1H), 3.34 (d, J=2.4 Hz,
2H), 2.85 (s, 1H), 2.64 (d, J=29.2 Hz, 8H), 2.35 (q, ]=9.4 Hz,
6H), 2.277 (t, J=2.4 Hz, 1H), 2.13 (dd, J=13.1, 6.6 Hz, 1H),
0.99 (dd, J=21.7, 6.7 Hz, 6H).
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Example 10

(S)-1-(4-(6-amino-5-(trifluoromethoxy )pyridin-3-
y1)-1-(3-(4-(propyl)piperazin-1-yl)bicyclo[1.1.1]
pentan-1-yl)-1H-1imidazol-2-yl)-2-methylpropan-1-ol

N NH,
B
Z OCF;

Step 1: (S)-1-(4-(6-amino-5-(trifluoromethoxy )pyri-
din-3-y1)-1-(3-(4-(propyl) piperazin-1-yl)bicyclo
[1.1.1]pentan-1-yl)-1H-1imidazol-2-y1)-2-methylpro-
pan-1-ol

To a solution of compound 9a (12 mg, 0.024 mmol) in
MeOH (3 mL) was added 10% Pd/C (10 mg). The resulting
mixture was stirred at RT for 3 h under an atmosphere of H.,,
then filtered and concentrated under reduced pressure. The
residue was purified by reverse phase preparative HPLC
(Mobile phase: A=10 mM ammomum bicarbonate/water,
B=MeCN; Gradient: B=40% to 70% 1n 9.7 min; Column:
C18) to give the title compound as a white solid (1.2 mg,
9%). MS (ES™) C,.H,.F;N.O, requires: 508, tound: 509
[M+H]*. '"H NMR (500 MHz, CDCl,) & 8.25 (d, J=1.7 Hz,
1H), 7.69 (s, 1H), 6.92 (s, 1H), 4.68 (s, 2H), 4.41 (d, J=6.1
Hz, 1H), 2.52 (br s, SH), 2.27 (q, J=9.1 Hz, 8H), 2.06 (dd,
J=13.3, 6.6 Hz, 1H), 1.50-1.42 (m, 6H), 0.95 (d, J=6.7 Hz,
3H), 0.89-0.82 (m, 6H).

Example 11
S-(1-1sopropyl-5-(3-morpholinobicyclo[1.1.1]pen-

tan-1-yl)-1H-pyrazol-3-yl)-3-(trifluoromethyl)pyri-
din-2-amine

NH,
) \

F
Preparation of 2-(5-acetyl-3-(trifluoromethyl)pyri-
din-2-yljisoindoline-1,3-dione

N
AN
/ = CF;

N"'---..N

A mxture of 5-bromo-3-(trifluoromethyl)pyridin-2-
amine (1500 mg, 6.22 mmol), phthaloyl dichloride (1516
mg, 7.467 mmol), 4-dimethylaminopyridine (152 mg, 1.24
mmol) and TEA (2388 al, 18.67 mmol) in DCM (24.9 ml)
was stirred at RT for 1 h, then treated with 1 M aqg. HCI (30
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ml) and stirred for 3 h. The mixture was diluted with EtOAc
(30 mL), washed with sat. aq. NH,C1 (30 mL), and concen-
trated under reduced pressure. The residue was purified by
S10, gel chromatography (0% to 100% EtOAc 1n hexanes)
to give 2-(5-bromo-3-(trifluoromethyl)pyridin-2-yl)isoindo-
line-1,3-dione (600 mg, 26%). MS (ES™) C,,HBrF;N,O,
requires: 370, found: 371 [M+H]".

A mixture of the product from the previous step (630 mg,
1.70 mmol), (Ph,P),PdCl, (179 mg, 0.255 mmol), and
tributyl(1-ethoxyvinyl)stannane (644 mg, 1.78 mmol) in
1,4-dioxane (6790 ul) was stirred at 100° C. for 7 h, then
allowed to cool to RT and treated with 10 M ag. KF (3 mL).
The resulting mixture was stirred at RT for 1 h, then filtered
to remove white solid, diluted with EtOAc (50 mL), washed
with sat. ag. NH,Cl (50 mL), and concentrated under
reduced pressure. The residue was dissolved 1n MeOH (50
mlL), treated with 1 M aq. HCI (50 mL), and the mixture was
stirred at RT for 30 min. The mixture was concentrated
under reduced pressure, then partitioned between EtOAc
(100 mL) and sat. aq. NaHCO, (50 mL). The organic layer
was concentrated under reduced pressure. The residue was
purified by S10, gel chromatography (20% to 100% EtOAc
in hexanes) to give 2-(5-acetyl-3-(trifluoromethyl)-pyridin-
2-yDisoindoline-1,3-dione as a white solid (480 mg, 85%).
MS (ES™) C, (H F;N,O, requires: 334, found: 335 [M+H]".

Step 1: methyl 3-morpholinobicyclo[1.1.1]pentane-
1-carboxylate

A mixture of methyl 3-((tert-butoxycarbonyl )Jamino )bicy-
clo[1.1.1]pentane-1-carboxylate (200 mg, 0.829 mmol) 1n
DCM (2072 ul) and TFA (2072 ul) was stirred for 2 h and
then concentrated under reduced pressure. The residue was
treated with MeCN (4150 ul), and to the resulting solution
were added K,CO; (574 mg, 4.15 mmol) and 1-bromo-2-
(2-bromoethoxy)ethane (577 mg, 2.49 mmol). The resulting,
mixture was stirred at 90° C. for 2 h, then filtered through
CELITE®, and the filtrate was concentrated under reduced
pressure. The residue was purified by S10, gel chromatog-
raphy (0% to 4% MeOH 1n DCM) to give the title compound
as a white solid (110 mg, 63%). MS (ES™) C,,H,,NO,
requires: 211, found: 212 [M+H]".

Step 2: (1H-benzo[d][1,2,3]triazol-1-y1)(3-mor-
pholinobicyclo[1.1.1]pentan-1-yl)methanone

To a solution of the product from the previous step (1.00
g,4.73 mmol)n 1:1:1 THF/MeOH/water (12 mL) at RT was

added L1OH.H,O (570 mg, 13.6 mmol), and the mixture was
stirred at RT for 4 h. The resulting solution was concentrated
under reduced pressure, and the residue was diluted with
water (15 mL) then extracted with EtOAc (2x15 ml). The
aqueous layer was acidified with 1 M aq. HCI to pH=5-6
then concentrated under reduced pressure to obtain 1.2 g of
a residue (assumed to be crude 3-morpholinobicyclo[1.1.1]
pentane-1-carboxylic acid). The residue was treated with
SOCI, (10 mL), and the resulting mixture was stirred at
reflux for 2 h then concentrated under reduced pressure to a
residue, which was dissolved 1n 20 mL of DCM and added
dropwise to a solution of 1H-benzo[d][1,2,3]triazole (720
mg, 6.05 mmol) in DCM (10 mL) and Et;N (2.48 mL, 17.8
mmol) at 0° C. The mixture was stirred at RT for 4 h, then
treated with sat. aq. NH,CI (10 mL) at 0° C., then extracted
with DCM (20 mL). The organic layer was washed with sat.
aq. NaHCO; (2x20 mL), dried over Na,SO,, and concen-

trated under reduced pressure to give crude title compound
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as a grey solid (700 mg, 50%), which was used without
turther purification. MS (ESI+) C, .H,N,O, requires: 298,
found: 299 [M+H]".

Step 3: 2-(5-(3-(3-morpholinobicyclo[1.1.1]pentan-
1-yl)-3-oxopropanoyl)-3-(trifluoromethyl)-pyridin-2-
yl)isoindoline-1,3-dione 2,2,2-trifluoroacetate

To a suspension of MgBr2.0OEt, (87 mg, 0.34 mmol),
TEA (93 ul, 0.670 mmol) and the product from the previous
step (50.0 mg, 0.168 mmol) in DCM (419 ul) was added a
solution of 2-(5-acetyl-3-(trifluoromethyl)pyridin-2-yl)
1soindoline-1,3-dione (56.0 mg, 0.168 mmol) in DCM (419
wl) dropwise. The mixture was stirred for 1 h, then diluted
with EtOAc (30 mL), filtered to remove solids, and concen-
trated under reduced pressure. The residue was purified by
reverse phase preparative HPLC (Mobile phase: A=0.1%
TFA/water, B=0.1% TFA/MeCN: Gradient: B=30% to 70%
in 12 min; Column: C18) to give the title compound as a
white solid (67.0 mg, 64%). MS (ES*) C,.H,,F.N,O.
requires: 513, found: 514 [M+H]™.

Step 4: 3-(1-1sopropyl-5-(3-morpholinobicyclo

[1.1.1]pentan-1-yl)-1H-pyrazol-3-yl)-3-(trifluorom-
cthyl)pyridin-2-amine

A solution of 1sopropylhydrazine hydrochloride (35.5 mg,
0.321 mmol) and the product from the previous step (67.0
mg, 0.107 mmol) in EtOH (536 ul) was stirred at 70° C. for
2 h, then allowed to cool to RT. To the solution was added
NH,.NH,.H,O (107 mg, 2.14 mmol) and the mixture was
stlrred at RT for 20 min then concentrated under reduced
pressure. The residue was purified by reverse phase prepara-

tive HPLC (Mobile phase: A=0.1% TFA/water, B=0.1%
TFA/MeCN; Gradient: B=20% to 50% 1n 12 min; Column:
C18) to give two products as a mixture of TFA salts, which
were separated by basic reverse phase preparative HPLC
(Mobile phase: A=0.1% NH,/water, B=0.1% NH,/MeCN;
Gradient: B=0% to 90% 1n 20 min; Column: C18) to give the
title compound as a white solid (4 mg, 9%). MS (ES™
C,,H, F.N.O requires: 421, found: 422 [M+H]*. "H NMR
(600 MHz, CD,;0D) o 851 (d, J=1.95 Hz, 1H), 8.11 (d,
J=1.95 Hz, 1H), 6.35 (s, 1H), 4.66 (q, J=6. 6 Hz, 1H), 3.72
(t, J=4.6 Hz, 4H), 2.55 (t, J=4.5 Hz, 4H), 2.21 (s,, 6H), 1.48
(d, J=6.9 Hz, 6H). Another 1somer, 5-(1-1sopropyl-3-(3-
morpholinobicyclo[1.1.1]pentan-1-yl)-1H-pyrazol-5-yl1)-3-

(trifluvoromethyl)pyridin-2-amine, was also 1solated as a
white solid (10 mg, 22%). MS (ES™C,,H, .F,N.O requires:
421, found: 422 [M+H]*. 'H NMR (600 MHz, CDCl,) &
8.21 (d, J=1.95 Hz, 1H), 7.66 (d, J=1.95 Hz, 1H), 6.07 (s,
1H), 5.11 (s, 2H), 4.36 (q, J=6.6 Hz, 1H), 3.77 (s, 4H), 2.53
(s, 4H), 2.11 (s, 6H), 1.45 (d, J=6.9 Hz, 6H).

Example 12

3-(2-cyclopropyl-1-(3-(4-methylpiperazin-1-yl)bicy-
clo[1.1.1]pentan-1-yl)-1H-1imidazol-4-y1)-3-(trifluo-
romethoxy)pyridin-2-amine

NH,

OCF

N\©\N:§/‘

N
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Step 1: 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yD)bicyclo[1.1.1]pentan-1-yl)-4-tosylpiperazine

To a solution of 3-(2-cyclopropyl-4-i0do-1H-1midazol-1-
yl)bicyclo[1.1.1]pentan-1-amine 2,2.2-trifluoroacetate (600

mg, 1.4 mmol) in MeCN (20 mL) were added N,N-bis(2-
bromoethyl)-4-methylbenzenesulfonamide (1.29 g, 3.36

mmol) and K,CO; (774 mg, 5.60 mmol). The resulting
mixture was stirred at 90° C. overnight, then filtered through
CELITE®, and the filtrate was concentrated under reduced
pressure. The residue was purified by S10, gel chromatog-
raphy (0% to 90% EtOAc 1n petroleum ether) to give the title
compound (200 mg, 26%). MS (ES™):. C,,H,,IN,O,S
requires: 538, found: 539 [M+H]".

Step 2: 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yDbicyclo[1.1.1]pentan-1-yl)piperazine

To a solution of the product from the previous step (200
mg, 0.37 mmol) m AcOH (0.5 mL) was added a 40% HBr
in AcOH solution (0.5 mL). The resulting mixture was
stirred at 90° C. for 1 h. The mixture was concentrated under
reduced pressure, the residue was slurried with 0.5 mL
MeOH, and solid was collected to give the title compound
(100 mg, 71%). MS (ES™): C, H,,IN, requires: 384, found:
385 [M+H]".

Step 3: 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yD)bicyclo[1.1.1]pentan-1-yl)-4-methylpiperazine

To a mixture of the product from the previous step (100
mg, 0.26 mmol) in MeOH (5 mL) was added a 38% aq.
tformaldehyde solution (2.0 ml). The mixture was stirred at
RT for 1 h, then treated with NaBH,CN (20 mg, 0.31 mmol)
and stirred at RT overnight. The mixture was concentrated
under reduced pressure, and the residue was purified by
reverse phase preparative HPLC (Mobile phase: A=10 mM
ammonium bicarbonate/water, B=MeCN; Gradient: B=60%
to 95% 1n 18 min; Column: C18) to give the title compound
as a white solid (40.0 mg; 40%). MS (ES™): C,H,,IN,
requires: 398, found: 399 [M+H]".

Step 4: 5-(2-cyclopropyl-1-(3-(4-methylpiperazin-1-
yl)bicyclo[1.1.1]pentan-1-y1)-1H-1imidazol-4-y1)-3-
(trifluoromethoxy)pyridin-2-amine

A mixture of the product from the previous step (40 mg,
0.1 mmol), 5-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
3-(trifluoromethoxy )pyridin-2-amine (36 mg, 0.12 mmol), 2
M aq. K,CO; (0.19 mL, 0.38 mmol) and Pd(dpp1)Cl, (13.54
mg, 16.25 umol) in DMF (1 mL) was degassed and purged
with N, then stirred at 90° C. for 30 min. The mixture was

allowed

to cool to RI, filtered, and concentrated under

reduced pressure. The residue was purified by reverse phase
preparative HPLC (Mobile phase: A=10 mM NH_,HCO,/
H,O, B=MeCN; Gradient: B=0% to 45% 1n 18 min; Col-
umn: C18) to give the title compound as a yellow solid (5.5
mg; 12%). MS (ES™): C,,H,,F;N.O requires: 448, found:
449 [M+H]"; 1H NMR (500 MHz, CDCl,) 0 8.30 (s, 1H),
7.75 (s, 1H), 6.97 (s, 1H), 4.67 (s, 2H), 2.48-2.40 (m, 17H),
1.89 (tt, J=8.3, 5.0 Hz, 1H), 1.13-0.83 (m, 4H).
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Example 13

NH,

\ /

OCF;

4-(3-(4-(6-amino-3-(trifluoromethoxy )pyridin-3-yl)-
2-cyclopropyl-1H-1imidazol-1-yl)bicyclo[1.1.1]pen-
tan-1-y)thiomorpholine 1,1-dioxide

Step 1: 4-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yl)bicyclo[1.1.1]pentan-1-yl)thiomorpholine 1,1-
dioxide

To a solution of 3-(2-cyclopropyl-4-i0do-1H-1imi1dazol-1-
yDbicyclo[1.1.1]pentan-1-amine bis(2,2,2-trifluoroacetate)
(150 mg, 0.276 mmol) in EtOH (1 ml) were added DIEA
(0.241 ml, 1.38 mmol) and (vinylsulfonyl)ethene (65.3 mg,

0.552 mmol), and the resulting mixture was stirred at 60° C.
for 2 h. The precipitate that formed was collected by
filtration to give the title compound as a white solid (95 mg,
79%). MS (ES™") C,H,,IN,O,S requires: 433, found: 434
[M+H]™.

Step 2: 4-(3-(4-(6-amino-5-(trifluoromethoxy )pyri-
din-3-yl)-2-cyclopropyl-1H-imidazol-1-yl)bicyclo
[1.1.1]pentan-1-yl)thitomorpholine 1,1-dioxide

A degassed solution of the product from the previous step
(94 mg, 0.22 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)-3-(trifluoromethoxy)pyridin-2-amine (79 mg,
0.26 mmol), PdCL,(dpp1)-CH,Cl, (17.7 mg, 0.022 mmol)
and 2 M aq. K, CO, (0.325 ml, 0.650 mmol) in DMF (1 ml)
was stirred at 90° C. for 1 h. To the mixture were added 1
M aq. HCI (1 mL) and water (10 ml) and the mixture was
extracted with EtOAc (3x5 mL). The aqueous phase was

adjusted to pH=5 with 10% ag. NaOH, then to pH=8-9 with
sat. aq. NaHCO,. The aqueous phase was then extracted

with EtOAc (3x10 ml). The combined organic layers were
washed with sat aq. NaCl, dried over MgSQO,, filtered and
concentrated under reduced pressure. The residue was puri-
fied by S10, gel chromatography (0% to 5% MeOH 1n
DCM) to give the title compound as a white solid (62 mg,
59%). MS (ES™) C,,H, ,F;N.O;S requires: 483, found: 484
[M+H]*. '"H NMR (CD,OD) & 8.21 (d, 1H, J=2.0 Hz), 7.77
(s, 1H), 7.30 (s, 1H), 3.17-3.07 (m, 8H), 2.48 (s, 6H),
2.05-1.98 (m, 1H), 1.03-0.96 (m, 4H).
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Example 14

5-(1-(3-(1,4-oxazepan-4-yl)bicyclo[1.1.1]pentan-1-
y1)-2-cyclopropyl-1H-1midazol-4-yl1)-3-(trifluo-
romethoxy)pyridin-2-amine

NH,

N
X
F

OCF;

Step 1: 3-(2-(tosyloxy)ethoxy)propyl
4-methylbenzenesulionate

To a solution of 3-(2-hydroxyethoxy)propan-1-ol (240
mg, 2.00 mmol) m pyridine (2 ml) at 0° C. was added
4-toluenesulfonyl chlonide (800 mg, 4.19 mmol) and the
resulting mixture was stirred at 0° C. for 2 h. The mixture
was poured 1nto 1ce water, and precipitate was 1solated by
filtration to give the title compound as a white solid (658 mg,
77%). MS (ES™) C,,H,,0,S, requires: 428, found: 429
[M+H]".

Step 2: 4-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yDhbicyclo[1.1.1]pentan-1-y1)-1.,4-oxazepane

To a solution of 3-(2-cyclopropyl-4-i0do-1H-1midazol-1-
yD)bicyclo[1.1.1]pentan-1-amine bis(2,2,2-trifluoroacetate)
(350 mg, 0.092 mmol) 1n MeCN (1 mL) were added K,COj,
(63.6 mg, 0.460 mmol) and the product from the previous
step (79 mg, 0.18 mmol), and the resulting mixture was
stirred at 90° C. for 8 h. The mixture was filtered through
CELITE®, and the filtrate was concentrated under reduced
pressure. The residue was purified by S10, gel chromatog-
raphy (0% to 8% MeOH 1n DCM) to give the title compound
as a white solid (15 mg, 41%). MS (ESYC,.H,,IN,O
requires: 399, found: 400 [M+H]™.

Step 3: 5-(1-(3-(1,4-oxazepan-4-yl)bicyclo[1.1.]
pentan-1-yl)-2-cyclopropyl-1H-1midazol-4-yl1)-3-
(trifluoromethoxy)pyridin-2-amine bis(2,2,2-trifluo-
roacetate)

A degassed solution of the product from the previous step
(15 mg, 0.038 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)-3-(trifluoromethoxy)pyridin-2-amine  (13.7
mg, 0.045 mmol), PdCL,(dppl)-CH,Cl, (3.07 mg, 3.76
umol) and 2 M aq. K,CO; (0.056 ml, 0.112 mmol) in DMF
(0.5 ml) was stirred at 90° C. for 1 h. The mixture was
diluted with EtOAc, filtered through CELITE®, and the
filtrate was concentrated under reduced pressure. The resi-

due was purified by reverse phase preparative HPLC (Mo-
bile phase: A=0.1% TFA/water, B=0.1% TFA/MeCN; Gra-

dient: B=0% to 30% 1n 12 min; Column: C18) to give the
title compound as a white powder (5 mg, 20%). MS (ES™)
C,.H,F:N.O, requires: 449, found: 450 [M+H]*. '"H NMR
(MeOD) 6 8.25 (d, 1H, J=2.0 Hz), 7.94 (s, 1H), 7.82 (s, 1H),
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3.95 (1, 2H, J=4.8 Hz), 3.87 (t, 2H, 6.1 Hz), 3.52 (t, 2H, =5 .4
Hz), 3.46 (t, 2H, J=4.8 Hz), 2.92 (s, 6H), 2.29-2.18 (m, 3H),
1.35-1.22 (m, 4H).

Example 15

5-(2-cyclopropyl-1-(3-(4-(2,2,2-trifluoroethyl)piper-
azin-1-yl)bicyclo[1.1.1]pentan-1-yl)-1H-1midazol-4-
y1)-3-(trifluoromethoxy )pyridin-2-amine

N
@ /N\/NHZ
\©\N/>/‘\/\

OCF

Step 1: 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yh)bicyclo[1.1.1]pentan-1-yl)piperazine bis(2,2,2-
tritfluoroacetate)

To a solution of 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-
1-yD)bicyclo[1.1.1]pentan-1-y1)-4-tosylpiperazine (100 mg,
0.186 mmol) m AcOH (1 ml) was added a 30% HBr 1n
AcOH solution (0.336 ml) and the resulting mixture was
stirred at RT for 16 h then concentrated under reduced

pressure. The residue was purified by reverse phase prepara-
tive HPLC (Mobile phase: A=0.1% TFA/water, B=0.1%

TFA/MeCN; Gradient: B=0% to 30% 1n 12 min; Column:
C18) to give the title compound as a white solid (66 mg,
58%). MS (ES™) C,.H,,IN, requires: 384, found: 385
[M+H]™.

Step 2: 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yD)bicyclo[1.1.1]pentan-1-y1)-4-(2,2,2-trifluoroethyl)
plperazine

To a solution of the product from the previous step (15
mg, 0.024 mmol) in MeCN (0.5 ml) were added DIEA

(0.021 ml, 0.122 mmol) and 2,2,2-trifluoroethyl trifluo-
romethanesulfonate (11.4 mg, 0.049 mmol). The resulting
mixture was stirred at 60° C. for 1 h, then concentrated under

reduced pressure. The residue was purified by reverse phase
preparative HPLC (Mobile phase: A=0.1% TFA/water,

B=0.1% TFA/MeCN; Gradient: B=10% to 40% 1n 12 min;
Column: C18) to give the title compound as a white solid (7
mg, 41%). MS (ES™) C, H,,F;IN, requires: 466, found: 467
[M+H]™.

Step 3: 5-(2-cyclopropyl-1-(3-(4-(2,2,2-trifluoro-
cthyl)piperazin-1-yl)bicyclo[1.1.1]pentan-1-yl)-1H-
imidazol-4-y1)-3-(trifluoromethoxy)pyridin-2-amine

A degassed solution of the product from the previous step
(7 mg, 10 umol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-y1)-3-(trifluoromethoxy)pyridin-2-amine (3.68 mg, 0.012
mmol), PdC1,(dpp1)-CH,CI, (0.823 mg, 1.01 umol) and 3.0
M aqg. K,CO, (10 al, 0.030 mmol) in DMF (0.5 ml) was

stirred at 90° C. for 1 h. The residue was purified by reverse
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phase preparative HPLC (Mobile phase: A=0.1% TFA/
water, B=0.1% TFA/MeCN: Gradient: B=10% to 40% 1n 12
min; Column: C18) to give the title compound as a white
solid (4 mg, 46%). MS (ES™) C,.H, . FN.O requires: 516,
found: 517 [M+H]*. '"HNMR (CD,0D) 8 8.25 (d, 1H, J=1.9
Hz), 7.94 (s, 1H), 7.83 (s, 1H), 3.31-3.26 (m, 2H), 3.23-3.14
(m, 4H), 3.07-2.98 (m, 4H), 2.81 (s, 6H), 2.30-2.25 (m, 1H),
1.35-1.22 (m, 4H).

Example 16

5-(2-cyclopropyl-1-(3-(4-(methylsulfonyl )piperazin-
1-yD)bicyclo[1.1.1]pentan-1-y1)-1H-1midazol-4-y1)-3-
(trifluoromethoxy)pyridin-2-amine

O
/4
S
// \N/\
O N NH>
K/N\é\ ‘/ AN
N/Y P OCF.

Step 1: 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yl)bicyclo[1.1.1]pentan-1-y1)-4-(methylsulfonyl)
piperazine bis(2,2,2-trifluoroacetate)

To a solution of 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-
1-yD)bicyclo[1.1.1]pentan-1-yl)piperazine bis(2,2,2-trifluo-
roacetate) (15 mg, 0.024 mmol) in MeCN (0.5 ml) were
added DIEA (0.021 ml, 0.122 mmol) and methanesulionyl
chloride (3.82 al, 0.049 mmol). The resulting mixture was
stirred at 60° C. for 1 h then concentrated under reduced
pressure. The residue was purified by reverse phase prepara-
tive HPLC (Mobile phase: A=0.1% TFA/water, B=0.1%
TFEA/MeCN; Gradient: B=10% to 40% 1n 12 min; Column:
C18) to give the title compound as a colorless liquid (9 mg,
33%). MS (ES™) C,H,,IN,O.S requires: 462, found: 463
[M+H]".

Step 2: 3-(2-cyclopropyl-1-(3-(4-(methylsulfonyl)
piperazin-1-yl)bicyclo[1.1.1]pentan-1-y1)-1H-1mida-
zol-4-y1)-3-(tritluoromethoxy)pyridin-2-amine bis(2,

2,2-trifluoroacetate)

A degassed solution of the product from the previous step
(9.0 mg, 0.013 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)-3-(trifluoromethoxy)pyridin-2-amine  (4.76
mg, 0.016 mmol), PdCl,(dppt)-CH,CI, (1.065 mg, 1.304
umol) and 3 M aqg. K,CO; (0.013 ml, 0.039 mmol) in DMF
(0.5 ml) was stirred at 90° C. for 1 h then concentrated under
reduced pressure. The residue was purified by reverse phase
preparative HPLC (Mobile phase: A=0.1% TFA/water,
B=0.1% TFA/MeCN; Gradient: B=0% to 30% 1n 12 min;
Column: C18) to give the title compound as a white powder
(5 mg, 52%). MS (ES™) C,,H,,F.N.O,S requires: 512,
found: 513 [M+H]*. '"H NMR (MeOD) § 8.26 (d, 1H, J=1.8
Hz), 7.92 (s, 1H), 7.82 (s, 1H), 3.34-3.30 (m, 4H), 2.88 (s,
3H), 2.78-2.73 (m, 4H), 2.60 (s, 6H), 2.34-2.29 (m, 1H),
1.36-1.23 (m, 4H).
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Example 17

3-(2-cyclopropyl-1-(3-(4-(2-fluoroethyl )piperazin-1-
yDbicyclo[1.1.1]pentan-1-y1)-1H-1imidazol-4-y1)-3-
(trifluoromethoxy)pyridin-2-amine

SN
/§/\/\

OCF

Step 1: 1-(3-(2-cyclopropyl-4-10do-1H-1imidazol-1-
yD)bicyclo[1.1.1]pentan-1-v1)-4-(2-tfluoroethyl )pip-
erazine

To a solution of 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-
1-yI)bicyclo[1.1.1]pentan-1-yl)piperazine bis(2,2,2-trifluo-
roacetate) (30 mg, 0.049 mmol) 1n MeCN (1 ml) were added
K,CO; (33.9 mg, 0.245 mmol) and 1-fluoro-2-10doethane
(17.0 mg, 0.098 mmol) and the resulting mixture was stirred
at 60° C. for 1 h then concentrated under reduced pressure.
The residue was purified by reverse phase preparative HPLC
(Mobile phase: A=0.1% TFA/water, B=0.1% TFA/MeCN;
Gradient: B=10% to 40% 1n 12 min; Column: C18) to give

the title compound as a colorless liguid (9.0 mg, 42%). MS
(ES™) C,,H,,F N, requires: 430, found: 431 [M+H]".

Step 2: 5-(2-cyclopropyl-1-(3-(4-(2-fluoroethyl)
piperazin-1-yl)bicyclo[1.1.1]pentan-1-y1)-1H-1mida-
zol-4-y1)-3-(trifluoromethoxy)pyridin-2-amine tris(2,

2,2-trifluoroacetate)

A degassed solution of the product from the previous step,
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(trifluo-
romethoxy)pyridin-2-amine (6.22 mg, 0.020 mmol), PdCl,
(dppD)-CH,C1, (1.518 mg, 1.859 umol) and K,CO, (7.71
mg, 0.056 mmol) in DMF (1 ml) was stirred at 90° C. for 1
h. The mixture was diluted with EtOAc, filtered through
CELITE®, and the filtrate was concentrated under reduced
pressure. The residue was purified by reverse phase prepara-
tive HPLC (Mobile phase: A=0.1% TFA/water, B=0.1%
TFA/MeCN: Gradient: B=10% to 40% 1n 12 min; Column:
C18) to give the title compound as a white solid (10 mg,
65% vield). MS (ES™) C,,H,:F.N.O requires: 480, found:
481 [M+H]*. 'H NMR (CD.,0OD) & 8.27 (d, 1H, J=1.6 Hz),
7.99 (s, 1H), 7.84 (s, 1H), 4.91 (t, 1H, J=4.3 Hz), 4.83 (t, 1H,
I=4.3 Hz), 3.61 (t, 1H, J=4.3 Hz), 3.57 (t, 1H, J=4.3 Hz),
3.21-2.90 (m, 8H), 2.59 (s, 6H), 2.34-2.29 (m, 1H), 1.36-
1.23 (m, 4H).
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Example 18

4-(3-(2-cyclopropyl-4-(3-(trifluoromethyl)-1H-pyr-
rolo[2.3-b]pyridin-3-yl)-1H-1midazol-1-yl)bicyclo
[1.1.1]pentan-1-yl)morpholine

Step 1: 4-(3-(2-cyclopropyl-4-(3-(trifluoromethyl)-
1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-
b]pyridin-5-yl)-1H-1imidazol-1-yl)bicyclo[1.1.1]pen-

tan-1-yl)morpholine bis(2,2,2-trifluoroacetate)

A degassed solution of 4-(3-(2-cyclopropyl-4-10do-H-
imidazol-1-yl)bicyclo[1.1.1]pentan-1-yl)morpholine  (Ex-
ample 1, Step 5, 30 mg, 0.078 mmol), 5-(4,4,5,5-tetram-
cthyl-1,3,2-dioxaborolan-2-yl)-3-(trifluoromethyl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine
(41.3 mg, 0.093 mmol), PdCL,(dpp1)-CH,CI, (6.36 mg, 7.79
wmol) and 2 M aq. K,CO, (0.117 ml, 0.234 mmol) in DMF

(1 ml) was stirred at 90° C. for 2 h. The mixture was diluted
with EtOAc, filtered through CELITE®, and the filtrate was
concentrated under reduced pressure. The residue was puri-

fied by reverse phase preparative HPLC (Mobile phase:
A=0.1% TFA/water, B=0.1% TFA/MeCN:; Gradient:

B=20% to 60% in 12 min; Column: C18) to give the fitle
compound as a white powder (23 mg, 37%). MS (ES™
C,oH;FiN.O,S1 requires: 573, found: 574 [M+H]".

Step 2: 4-(3-(2-cyclopropyl-4-(3-(trifluoromethyl)-
1H-pyrrolo[2,3-b]pyridin-3-yl)-1H-1imidazol-1-yl)
bicyclo[1.1.1]pentan-1-yl)morpholine bis(2,2,2-trii-
luoroacetate)

A solution of 4-(3-(2-cyclopropyl-4-(3-(trifluoromethyl)-
1-((2-(trimethylsilyl)ethoxy )methyl)-1H-pyrrolo[2,3-b]
pyridin-3-yl)-1H-1imidazol-1-yl)bicyclo[1.1.1]pentan-1-yl1)
morpholine bis(2,2,2-trifluoroacetate) (22 mg, 0.027 mmol)
in TFA (0.5 ml) and DCM (0.5 ml) was stirred at RT for 6
h, then concentrated under reduced pressure. The residue
was dissolved 1n MeOH, and then ethylenediamine (18.5 ul,
0.274 mmol) was added and the resulting mixture was
stirred at RT for 3 h then concentrated under reduced

pressure. The residue was purified by reverse phase prepara-
tive HPLC (Mobile phase: A=0.1% TFA/water, B=0.1%

TFA/MeCN; Gradient: B=10% to 40% 1n 12 min; Column:
C18) to give the title compound as a white powder (13 mg,
71%). MS (ES*) C,;H,,F:N.O requires: 443, found: 444
[M+H]*. "H NMR (CD.OD) & 8.27 (d, 1H, J=1.6 Hz), 7.99
(s, 1H), 7.84 (s, 1H), 4.91 (t, 1H, J=4.3 Hz), 4.83 (t, 1H,
I=4.3 Hz), 3.61 (t, 1H, J=4.3 Hz), 3.57 (t, 1H, J=4.3 Hz),
3.21-2.90 (m, 8H), 2.59 (s, 6H), 2.34-2.29 (m, 1H), 1.36-
1.23 (m, 4H).
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Example 19

S-(2-cyclopropyl-1-(3-(piperidin-1-yl)bicyclo[1.1.1]
pentan-1-vyl)-1H-imidazol-4-y1)-3-(trifluoromethoxy)
pyridin-2-amine

\/N\©\N ‘

OCF;

Step 1: 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yD)bicyclo[1.1.1]pentan-1-yl)piperidine

To a solution of 3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yD)bicyclo[1.1.1]pentan-1-amine bis(2,2,2-trifluoroacetate)
(50 mg, 0.092 mmol) in MeCN (1 ml) were added K,COj,
(63.6 mg, 0.460 mmol) and 1,5-dibromopentane (63.5 mg,
0.276 mmol), and the resulting mixture was stirred at 90° C.

for 8 h. The mixture was filtered through CELITE®, and the

filtrate was concentrated under reduced pressure. The resi-

due was purified by S10, gel chromatography (0% to 4%
MeOH i DCM) to give the title compound as a white solid
(26 mg, 74%). MS (ES™) C, ;H,,IN; requires: 383, found:
384 [M+H]".

Step 2: S5-(2-cyclopropyl-1-(3-(piperidin-1-yl)bicy-
clo[1.1.1]pentan-1-y1)-1H-1imidazol-4-yl1)-3-(tritluo-
romethoxy)pyridin-2-amine

A degassed solution of the product from the previous step
(20 mg, 0.052 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-d1oxa-
borolan-2-yl)-3-(trifluoromethoxy)pyridin-2-amine (26 mg,
0.086 mmol), PdCl,(dpp1)-CH,Cl, (5.82 mg, 7.13 umol)
and 2.0 M aq. K,CO; (0.107 ml, 0.214 mmol) in DMF (1 ml)
was stirred at 90° C. for 2 h. The mixture was diluted with
EtOAc, filtered through CELITE®, and the filtrate was

concentrated under reduced pressure. The residue was puri-

fied by reverse phase preparative HPLC (Mobile phase:
A=0.1% TFA/water, B=0.1% TFA/MeCN; Gradient:

B=10% to 40% 1n 12 min; Column: C18) to give the fitle
compound as a bis-trifluoroacetate salt. The salt was dis-
solved 1n water (2 ml), and the mixture was adjusted to pH=9
using sat. ag. NaHCO,. The precipitate was 1solated by
filtration to give the title compound as a white solid (16 mg,
52%). MS (ES™) C,,H,FiN.O requires: 433, found: 434
[M+H]*. '"H NMR (CD,OD) & 8.22 (d, 1H, J=2.0 Hz), 7.80
(s, 1H), 7.49 (s, 1H), 3.10-2.69 (m, 4H), 2.65 (s, 6H),
2.15-2.06 (m, 1H), 1.90-1.48 (m, 6H), 1.16-1.03 (m, 4H).
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Example 20

4-(3-(2-cyclopropyl-4-(1H-pyrrolo[3,2-b]pyridin-6-
yl)-1H-1imidazol-1-yl)bicyclo[1.1.1]pentan-1-yl)mor-
pholine

Step 1: 6-bromo-1-((2-(trimethylsilyl)ethoxy)
methyl)-1H-pyrrolo[3,2-b]pyridine

To a suspension of 60% NaH in mineral o1l (120 mg, 3.0
mmol) i DMF (5 ml) at 0° C. was added 6-bromo-1H-
pyrrolo[3,2-b]pyridine (394 mg, 2.00 mmol), and the result-
ing mixture was stirred at 0° C. for 5 min. The mixture was
treated with trimethylsilylethoxymethyl chloride (0.532 ml,
3.00 mmol), then stirred at RT for 2 h. The mixture was
treated with sat. aq. NH,Cl (10 mL) and extracted with
EtOAc (3x5 mL). The combined organic layers were
washed with sat. aq. NaCl, dried over MgSQO,, filtered and
concentrated under reduced pressure. The residue was puri-
fied by S10, gel chromatography (10% to 60% EtOAc 1n
hexanes) to give the title compound as a yellow liquid (455
mg, 70%). MS (ES™) C,  H,,BrN,OSi requires: 326, found:
327 [M+H]".

Step 2: 6-(4,4,5,5-tetramethyl-, 3,2-dioxaborolan-2-
y1)-1-((2-(trnmethylsilyl)ethoxy)methyl)-1H-pyrrolo
[3,2-b]pyridine

A degassed mixture of the product from the previous step
(200 mg, 0.611 mmol), bis(pinacolato)diboron (233 mg,

0.917 mmol), PdC1,(dpp1)-CH,Cl, (49.9 mg, 0.061 mmol)
and KOAc (180 mg, 1.83 mmol) in 1,4-dioxane (5 ml) was
stirred at 90° C. for 2 h. Water (10 mL) was added, and the
layers were separated. The aqueous phase was extracted
with EtOAc (3x5 mL), and the combined organic layers
were washed with sat. ag. NaCl, dried over MgSQO,,, filtered
and concentrated under reduced pressure to give the crude

title compound as a brown o1l (229 mg, 100%), which was
used without further purification. MS (ES™) C, ;H,;, BN, ;51

requires: 374, found: 293 [M-82+H]".

Step 3: 4-(3-(2-cyclopropyl-4-(1-((2-(trimethylsilyl)
cthoxy)methyl)-1H-pyrrolo[3,2-b]pyridin-6-y1)-1H-
imidazol-1-yl)bicyclo[1.1.1]pentan-1-yl)morpholine

A degassed solution of the product from the previous step
(38.3 mg, 0.156 mmol), 4-(3-(2-cyclopropyl-4-10do-1H-
imidazol-1-yl)bicyclo[1.1.1]pentan-1-yl)morpholine  (Ex-
ample 1, Step 5, 60 mg, 0.16 mmol), PACI,(dppt)-CH,CI1,
(12.7 mg, 0.016 mmol) and 2.0 M aq. K,CO, (0.234 ml,
0.467 mmol) in DMF (1 ml) was stirred at 90° C. for 2 h.
Water (10 mL) was added, and the layers were separated.
The aqueous phase was extracted with EtOAc (3x5 mL), and
the combined organic layers were washed with sat. ag. NaCl,
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dried over MgSQO,, filtered and concentrated under reduced
pressure. The residue was purified by S10, gel chromatog-
raphy (0% to 8% MeOH 1n DCM) to give the title compound
as a tan foamy solid (45 mg, 57%). MS (ES™C,.H,,N.O,Si
requires: 505, found: 506 [M+H]™.

Step 4: 4-(3-(2-cyclopropyl-4-(1H-pyrrolo[3,2-b]
pyridin-6-yl)-1H-1imidazol-1-yl)bicyclo[1.1.1]pen-
tan-1-yl)morpholine bis(2,2,2-trifluoroacetate)

A solution of the product from the previous step (43 mg,
0.085 mmol) in TFA (1 ml) and DCM (1 ml) was stirred at
RT for 3 h, then concentrated under reduced pressure. The
residue was dissolved in MeOH (1 ml), ethylenediamine
(0.115 ml, 1.70 mmol) was added, and the resulting mixture
was stirred at RT for 16 h then concentrated under reduced
pressure. The residue was purified by reverse phase prepara-
tive HPLC (Mobile phase: A=0.1% TFA/water, B=0.1%
TFA/MeCN; Gradient: B=0% to 30% 1n 12 min; Column:
C18) to give the title compound as a yellow solid (39 mg,
76%). MS (ES™) C,,H,.N.O requires: 375, found: 376
[M+H]*. "H NMR (DMSO-d,) & 12.49 (s, br, 1H), 8.93 (s,
1H), 8.68 (s, 1H), 8.14 (s, 1H), 7.99 (s, 1H), 6.80 (s, 1H),
3.73-3.64 (m, 4H), 2.66-2.55 (m, 4H), 2.46 (s, 6H), 2.20-
2.12 (m, 1H), 1.09-0.97 (m, 4H).

Example 21

4-(3-(2-cyclopropyl-4-(1-(2-fluoroethyl)-H-pyrrolo
[3,2-b]pyridin-6-yl)-H-1imidazol-1-yl)bicyclo[1.1.1]
pentan-1-yl)morpholine

Step 1: 4-(3-(2-cyclopropyl-4-(1-(2-fluoroethyl)-1H-
pyrrolo[3,2-b]pyridin-6-yl)-1H-1imidazol-1-yl)bicy-
clo[1.1.1]pentan-1-yl)morpholine bis(2,2,2-trifluoro-
acetate)

To a solution of 4-(3-(2-cyclopropyl-4-(1H-pyrrolo[3,2-
b]pyridin-6-yl)-1H-1imidazol-1-yl)bicyclo[1.1.1 ]pentan-1-
yDmorpholine bis(2,2,2-trifluoroacetate) (15 mg, 0.025
mmol) i MeCN (0.5 ml) were added K,CO, (10.3 mg,
0.075 mmol) and 1-fluoro-2-1iodoethane (6.49 mg, 0.037
mmol), and the resulting mixture was stirred at 80° C. for 3
h. The mixture was filtered and the filtrate was concentrated
under reduced pressure. The residue was purified by reverse
phase preparative HPLC (Mobile phase: A=0.1% TFA/
water, B=0.1% TFA/MeCN; Gradient: B=10% to 40% 1n 12
min; Column: C18) to give the title compound as a white
solid (8 mg, 50%). MS (ES™) C,,H,.FN.O requires: 421,
found: 422 [M+H]*. "HNMR (CD,0OD) 8 8.87 (d, 1H, J=1.2
Hz), 8.83 (s, 1H), 8.07 (d, 1H, J=3.3 Hz), 7.85 (s, 1H), 6.85
(d, 1H, J=3.3 Hz), 4.87-4.84 (m, 1H), 4.79-4.74 (m, 2H),
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4.73-4.70 (m, 1H), 3.81 (t, 4H, J=4.6 Hz), 2.80 (t, 4H, ]=4.6
Hz), 2.63 (s, 6H), 2.23-2.17 (m, 1H), 1.22-1.13 (m, 4H).

Example 22

4-(3-(4-(6-amino-5-(trifluoromethoxy)pyridin-3-yl)-
2-cyclopropyl-1H-1imidazol-1-yl)bicyclo[1.1.1]pen-
tan-1-yl)-1-methylpiperazin-2-one

OCF;

Step 1: methyl (3-(2-cyclopropyl-4-i0do-1H-1mida-
zol-1-yl)bicyclo[1.1.1]pentan-1-yl)glycinate

To a solution of 3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yD)bicyclo[1.1.1]pentan-1-amine bis(2,2,2-trifluoroacetate)
(200 mg, 0.368 mmol) in MeCN (3 ml) were added K,CO,
(254 mg, 1.84 mmol) and methyl 2-bromoacetate (84 mg,
0.55 mmol), and the resulting mixture was stirred at RT for
16 h. The mixture was filtered, and the filtrate was concen-
trated under reduced pressure. The residue was purified by
S10, gel chromatography (0% to 5% MeOH i DCM) to
give the title compound as a colorless liquid (126 mg, 88%).
MS (ES™) C,H,JIN,O, requires: 387, found: 388 [M+H]".

Step 2: (3-(2-cyclopropyl-4-10do-1H-1imidazol-1-yl)
bicyclo[1.1.1]pentan-1-yl)glycine

To a solution of the product from the previous step (125
mg, 0.323 mmol) in THF (1 ml) and water (1 ml) was added
[L10OH (23.2 mg, 0.968 mmol), and the resulting mixture was
stirred at RT for 2 h then concentrated under reduced

pressure. The residue was purified by reverse phase prepara-
tive HPLC (Mobile phase: A=0.1% TFA/water, B=0.1%

TFA/MeCN: Gradient: B=0% to 30% i1n 12 min; Column:
C18) to give the title compound as a white solid (152 mg,
78% vield). MS (ES™) C,;H,IN,O, requires: 373, found:
374 [M+H]".

Step 3: 4-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yD)bicyclo[1.1.1]pentan-1-yl)-1-methylpiperazin-2-
one

To a solution of the product from the previous step (150
mg, 0.249 mmol) in DMF (1 ml) were added 2-bromo-N-
methylethanamine hydrobromide (65.5 mg, 0.299 mmol),
HATU (114 mg, 0.299 mmol) and DIEA (0.218 ml, 1.25
mmol) and the resulting mixture was stirred at RT for 16 h.
Water (10 mL) was added, and the layers were separated.
The aqueous phase was extracted with EtOAc (3x5 mL), and
the combined organic layers were washed with sat. ag. NaCl,
dried over MgSO,, filtered and concentrated under reduced
pressure. The residue was purified by S10, gel chromatog-
raphy (0% to 5% MeOH 1n DCM) to give the title compound
as a white solid (32 mg, 351%). MS (ES™) C,H,;IN,O
requires: 412, found: 413 [M+H]".
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Step 4: 4-(3-(4-(6-amino-5-(trifluoromethoxy )pyri-
din-3-yl)-2-cyclopropyl-1H-imidazol-1-yl)bicyclo
[1.1.1]pentan-1-yl)-1-methylpiperazin-2-one

A degassed solution of the product from the previous step
(50 mg, 0.12 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-y1)-3-(trifluoromethoxy)pyridin-2-amine  (44.3
mg, 0.146 mmol), PdCL,(dppt)-CH,CL, (9.90 mg, 0.012
mmol) and 2.0 M ag. K,CO, (0.182 ml, 0.364 mmol) in
DMF (0.5 ml) was stirred at 90° C. for 2 h. The mixture was
diluted with EtOAc, filtered through CELITE®, and the
filtrate was concentrated under reduced pressure. The resi-
due was purified by reverse phase preparative HPLC (Mo-
bile phase: A=0.1% TFA/water, B=0.1% TFA/MeCN; Gra-
dient: B=10% to 40% in 12 min; Column: C18) to give a
residue. The residue was dissolved 1in water, and the mixture
adjusted to pH=8 with sat. ag. NaHCO,. Precipitate was
isolated by filtration to give the title compound as a white
solid (25 mg, 45% yield). MS (ESYC,,H,.F.N O, requires:
462, found: 463 [M+H]*. 'H NMR (DMSO-d,) 8 8.28 (d,
1H, J=1.8 Hz), 7.69 (s, 1H), 7.46 (s, 1H), 6.29 (s, 2H),
3.33-3.30 (t, 2H, J=5.5 Hz), 3.06 (s, 2H), 2.84 (s, 3H),
2.73-2.770 (t, 2H, J=5.5 Hz), 2.35 (s, 6H), 2.04-1.98 (m, 1H),
0.93-0.85 (m, 4H).

Example 23

1-(3-(4-(6-amino-5-(trifluoromethoxy )pyridin-3-yl)-
2-cyclopropyl-1H-imidazol-1-yl)bicyclo[1.1.1 |pen-
tan-1-yl)-4-methylpiperazin-2-one

OCF;

Step 1: 2-bromo-N-(3-(2-cyclopropyl-4-10do-1H-
imidazol-1-yl)bicyclo[1.1.1]pentan-1-yl)acetamide

To a solution of 3-(2-cyclopropyl-4-i0do-1H-1imidazol-1-
yD)bicyclo[1.1.1]pentan-1-amine bis(2,2,2-trifluoroacetate)
(272 mg, 0.500 mmol) in DMF (1 ml) at 0° C. were added
2-bromoacetic acid (83 mg, 0.60 mmol), HATU (228 mg,
0.600 mmol) and DIEA (0.437 ml, 2.50 mmol). The result-
ing mixture was stirred for 1 h, then treated with sat. aq.
NH_CI (10 ml). The mixture was extracted with EtOAc (3x5
ml.), and the combined organic layers were washed with sat.
aq. NaCl, dried over MgSQ,,, filtered and concentrated under

reduced pressure. The residue was purified by S10, gel
chromatography (0% to 5% MeOH 1n DCM) to give the title

compound as a colorless liquid (212 mg, 97%). MS (ES™)
C,,H,BrIN,O requires: 435 and 437, found: 436 and 438
[M+H]"™.

Step 2: 2-((2-bromoethyl)(methyl)amino )-N-(3-(2-
cyclopropyl-4-10do-1H-1imidazol-1-yl)bicyclo[1.1.1]
pentan-1-yl)acetamide

To a solution of the product from the previous step (210
mg, 0.482 mmol) in MeCN (2 ml) were added K,CO, (333
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mg, 2.41 mmol) and 2-bromo-N-methylethanamine (199
mg, 1.44 mmol) and the resulting mixture was stirred at RT
for 1 h. The mixture was filtered and the filtrate was
concentrated under reduced pressure. The residue was puri-
fied by S10, gel chromatography (0% to 5% MeOH 1n
DCM) to give the title compound as a colorless liquid (155
mg, 65%). MS (ES™) C, H,,BrIN,O requires: 492, found:
493 [M+H]".

Step 3: 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yD)bicyclo[1.1.1]pentan-1-yl)-4-methylpiperazin-2-
one

To a solution of the product from the previous step (1350
mg, 0.304 mmol) in MeCN (3 ml) was added K,CO, (126
mg, 0.912 mmol) and the resulting mixture was stirred at 80°
C. for 2 h. The mixture was filtered and the filtrate was
concentrated under reduced pressure. The residue was puri-
fied by S10, gel chromatography (0% to 5% MeOH 1n
DCM) to give the title compound as a white solid (25 mg,
20%). MS (ES™) C,.H,,IN,O requires: 412, found: 413
[IM+H]™.

Step 4: 1-(3-(4-(6-amino-5-(trifluoromethoxy)pyri-
din-3-yl)-2-cyclopropyl-1H-imidazol-1-yl)bicyclo
[1.1.1]pentan-1-yl)-4-methylpiperazin-2-one

A degassed solution of the product from the previous step
(23 mg, 0.056 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-y1)-3-(trifluoromethoxy)pyrndin-2-amine  (13.1
mg, 0.043 mmol), PdCL,(dppl)-CH,Cl, (2.93 mg, 3.59
umol) and 2.0 M aq. K,CO, (0.090 ml, 0.180 mmol) in DMF
(0.5 ml) was stirred at 90° C. for 2 h. The mixture was
diluted with EtOAc, filtered through CELITE®, and the
filtrate was concentrated under reduced pressure. The resi-
due was purified by reverse phase preparative HPLC (Mo-
bile phase: A=0.1% TFA/water, B=0.1% TFA/MeCN; Gra-
dient: B=10% to 40% in 12 min; Column: C18) to give a
residue. The residue was dissolved in water, and the mixture
was adjusted to pH=8 with sat. aq. NaHCO,. Precipitate was
1solated by filtration to give the title compound as a white
solid (9 mg, 54%). MS (ES*C,.H,.F.N.O, requires: 462,
found: 463 [M+H]*. "HNMR (CD,0OD) § 8.22(d, 1H, J=1.6
Hz), 7.78 (s, 1H), 7.33 (s, 1H), 3.45 (t, 2H, J=5.6 Hz), 3.09
(s, 2H), 2.81 (s, 6H), 2.73 (1, 2H, J=5.6 Hz), 2.35 (s, 3H),
2.05-2.00 (m, 1H), 1.03-0.97 (m, 4H).

Example 24
S-(2-cyclopropyl-1-(3-((2-methoxyethyl )(methyl)

amino)bicyo[l.1.1]pentan-1-yl)-1H-1imidazol-4-yl)-
3-(tritfluoromethoxy)pyridin-2-amine

NH,

N
X
F

OCF;
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Step 1: 3-(2-cyclopropyl-4-10do-1H-1imidazol-1-y1)-
N-(2-methoxyethyl)bicyclo[1.1.1]pentan-1-amine

To a solution of 3-(2-cyclopropyl-4-10do-H-1midazol-1-
yl)bicyclo[1.1.1]pentan-1-amine bis(2,2,2-trifluoroacetate)
(200 mg, 0.368 mmol) in MeCN (1 ml) were added K,CO,
(50.9 mg, 0.368 mmol) and 1-bromo-2-methoxyethane (154
mg, 1.10 mmol), and the resulting mixture was stirred at 90°
C. for 16 h. The mixture was filtered and the filtrate was
concentrated under reduced pressure. The residue was puri-
fied by S10, gel chromatography (0% to 5% MeOH 1n
DCM) to give the title compound as a colorless liquid (30
mg, 22%). MS (ES™) C,,H,,IN,O requires: 373, found: 374
[M+H]".

Also 1solated from this reaction mixture was the dialky-

lated product, 3-(2-cyclopropyl-4-1i0do-1H-imidazol-1-yl)-
N,N-bis(2-methoxyethyl)bicyclo[1.1.1 ]pentan-1-amine (56
mg, 35%). MS (ES") C,-H,IN,O, requires: 431, found:
432 [M+H]". This compound was used in the synthesis of
the

Example 25 compound, below.

Step 2: 3-(2-cyclopropyl-4-10do-1H-1imidazol-1-y1)-
N-(2-methoxyethyl)-N-methylbicyclo[1.1.1]pentan-
1 -amine

To a solution of the product from the previous step (20
mg, 0.054 mmol) in DCM (1 ml) was added formalin (0.015
ml, 0.201 mmol), and the resulting mixture was stirred at RT
for 10 min. NaBH(OAc), (114 mg, 0.536 mmol) was added
and the mixture was stirred at RT for 1 h. Sat. ag. NaHCO,

(5 mL) was added, and the layers were separated. The

aqueous layer was extracted with DCM (3x5 mlL), and the
combined organic layers were washed with sat. aq. NaCl,
dried over MgSQO,, filtered and concentrated under reduced

pressure. The residue was purified by S10, gel chromatog-

raphy (0% to 5% MeOH 1n DCM) to give the title compound
as a white solid (16 mg, 77%). MS (ES™) C,.H,,IN,O
requires: 387, found: 388 [M+H]™.

Step 3: 5-(2-cyclopropyl-1-(3-((2-methoxyethyl)
(methyl)amino)bicyclo[1.1.1]pentan-1-y1)-1H-1mida-
zol-4-y1)-3-(tritfluoromethoxy)pyridin-2-amine

A degassed solution of the product from the previous step
(15 mg. 0.039 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)-3-(tritfluoromethoxy)pyridin-2-amine (14 mg,
0.046 mmol), PdCL,(dpp1)-CH,Cl, (3.16 mg, 3.87 numol)
and 2.0 M aq. K,CO, (0.058 ml, 0.116 mmol) in DMF (0.5
ml) was stirred at 90° C. for 2 h. The mixture was diluted
with EtOAc, filtered through CELITE®, and the filtrate was

concentrated under reduced pressure. The residue was puri-

fied by reverse phase preparative HPLC (Mobile phase:

A=0.1% TFA/water, B=0.1% TFA/MeCN:; Gradient:
B=10% to 40% 1n 12 min; Column: C18) to give a residue.
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The residue was dissolved 1n water, and the mixture was
adjusted to pH=8 with sat. ag. NaHCO,. Precipitate was
1solated by filtration to give the title compound as a white
solid (8 mg, 47%). MS (ES™C,,H,.F.N.O, requires: 437,
found: 438 [M+H]*. '"H NMR (DMSO-d,) 6 8.28 (d, 1H,
I=1.7 Hz), 7.69 (s, 1H), 7.45 (s, 1H), 6.32 (s, 2H), 3.42 (X,
2H, 6.0 Hz), 3.25 (s, 3H), 2.57 (t, 2H, J=6.0 Hz), 2.31 (s,
6H), 2.23 (s, 3H), 2.04-1.99 (m, 1H), 0.93-0.84 (m, 4H).

Example 25

5-(1-(3-(b1s(2-methoxyethyl)amino)bicyclo[1.1.1]
pentan-1-yl)-2-cyclopropyl-1H-1midazol-4-yl)-3-
(trifluoromethoxy)pyridin-2-amine

OCF;

Step 1: 3-(2-cyclopropyl-4-i0do-1H-1midazol-1-yl)-
N,N-bis(2-methoxyethyl)bicyclo[1.1.1]-pentan-1-
amine

This compound was obtained 1n Step 1 of the synthesis of
the .

Example 24 compound, as described above.

Step 2: 3-(1-(3-(bis(2-methoxyethyl)amino)bicyclo
[1.1.1]pentan-1-yl)-2-cyclopropyl-1H-1midazol-4-
y1)-3-(trifluoromethoxy )pyridin-2-amine

A degassed solution of 3-(2-cyclopropyl-4-iodo-1H-1mi-
dazol-1-y1)-N,N-bis(2-methoxyethyl)bicyclo[1.1.1]pentan-
l-amine (40 mg, 0.093 mmol), 5-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-yl)-3-(tritfluoromethoxy)pyridin-2-amine
(33.8 mg, 0.111 mmol), PAC1,(dpp1)-CH,Cl, (7.57 mg, 9.27
umol) and 2.0 M aq. K,CO, (0.139 ml, 0.278 mmol) in DMF
(1 ml) was stirred at 90° C. for 2 h. The mixture was diluted
with EtOAc, filtered through CELITE®, and the filtrate was
concentrated under reduced pressure. The residue was puri-
fied by reverse phase preparative HPLC (Mobile phase:
A=0.1% TFA/water, B=0.1% TFA/MeCN; Gradient:
B=10% to 40% 1n 12 min; Column: C18) to give a residue.
The residue was dissolved 1n water, and the mixture adjusted
to pH=8 with sat. aq. NaHCO,. Precipitate was 1solated by
filtration to give the title compound as a white solid (22 mg,
49%). MS (ES™) C, H,,F;N.O, requires: 481, found: 482
[M+H]*. '"H NMR (DMSO-d,) & 8.28 (d, 1H, J=1.6 Hz),
7.68 (s, 1H), 7.45 (s, 1H), 6.32 (s, 2H), 3.37 (t, 4H, J=6.3
Hz), 3.25 (s, 6H), 2.74 (t, 4H, J=6.3 Hz), 2.34 (s, 6H),
2.05-2.00 (m, 1H), 0.93-0.84 (m, 4H).
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Example 26

1-(3-(4-(6-amino-3-(trifluoromethoxy )pyridin-3-yl)-
2-cyclopropyl-1H-imidazol-1-yl)bicyclo[1.1.1 |pen-
tan-1-yD)piperidin-4-ol

HO

~
\/N /N\ o
\@\N ‘ =
OCF;

-.---"N

Step 1: 1-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yl)bicyclo[1.1.1]pentan-1-yl)piperidin-4-one

To a solution of 3-(2-cyclopropyl-4-i0do-1H-1imi1dazol-1-
yD)bicyclo[1.1.1]pentan-1-amine bis(2,2,2-trifluoroacetate)
(200 mg, 0.368 mmol) in MeCN (3 ml) were added K,CO,
(254 mg, 1.84 mmol) and 1,5-dibromopentan-3-one (135
mg, 0.552 mmol) and the resulting mixture was stirred at 73°
C. for 16 h. The mixture was filtered through a Bilichner
funnel, and the filtrate was concentrated under reduced

pressure. The residue was purified by S10, gel chromatog-
raphy (0% to 5% MeOH 1n DCM) to give the title compound

as a colorless liquid (82 mg, 56%). MS (ES™) C, ;H,,IN,O
requires: 397, found: 398 [M+H]".

Step 2: 1-(3-(2-cyclopropyl-4-10do-1H-1imidazol-1-
yl)bicyclo[1.1.1]pentan-1-yl)piperidin-4-ol

To a solution of the product from the previous step (300
mg, 0.755 mmol) in MeOH (5 ml) was added NaBH_, (86
mg, 2.3 mmol), and the resulting mixture was stirred at RT
for 0.5 h. Sat. ag. NaHCO, (1 mL) was added, and the
mixture was concentrated under reduced pressure. Water (10
ml.) was added, and the mixture was extracted with EtOAc
(3x10 mL). The combined organic layers were washed with
sat. aq. NaCl, dried over MgSO,, filtered and concentrated
under reduced pressure. The residue was purnified by S10,
gel chromatography (0% to 10% MeOH 1n DCM) to give the
title compound as a white foamy solid (212 mg, 70%). MS

(ES™) C, H,,IN,O. requires: 399, found: 400 [M+H]".

Step 3: 1-(3-(4-(6-amino-5-(trifluoromethoxy )pyri-
din-3-yl)-2-cyclopropyl-1H-imidazol-1-yl)bicyclo
[1.1.1]pentan-1-yl)piperidin-4-ol

A degassed solution of the product from the previous step
(40 mg, 0.10 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)-3-(trifluoromethoxy)pyridin-2-amine  (36.6
mg, 0.120 mmol), PdCL,(dppl)-CH,Cl, (8.18 mg, 10.0
umol) and 2.0 M aq. K,CO, (0.150 ml, 0.301 mmol) in DMF
(0.5 ml) was stirred at 90° C. for 2 h. The mixture was
diluted with EtOAc, filtered through CELITE®, and the
filtrate was concentrated under reduced pressure. The resi-
due was purified by reverse phase preparative HPLC (Mo-

bile phase: A=0.1% TFA/water, B=0.1% TFA/MeCN; Gra-
dient: B=0% to 30% 1n 12 min; Column: C18) to give a
residue. The residue was dissolved in water, and the mixture
was adjusted to pH=8 with sat. aq. NaHCO,. Precipitate was
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1solated by filtration to give the title compound as a white
solid (31 mg, 69%). MS (ES*YC,,H,.F.N.O, requires: 449,
found: 450 [M+H]*. "H NMR (DMSO-d6) § 8.28 (s, 1H),
7.69 (s, 1H), 7.46 (s, 1H), 6.32 (s, 2H), 4.60 (s, 1H),
3.50-3.42 (m, 1H), 2.74-2.68 (m, 2H), 2.30 (s, 6H), 2.18-
2.10 (m, 2H), 2.05-1.97 (m, 1H), 1.77-1.70 (m, 2H), 1.44-
1.35 (m, 2H), 0.94-0.83 (m, 4H).

Example 27

S-(2-cyclopropyl-1-(3-(oxazol-3-yl)bicyclo[1.1.1]
pentan-1-yl)-1H-imidazol-4-yl1)-3-(trifluoromethoxy)
pyridin-2-amine

OCF

Step 1: methyl 3-(2-cyclopropyl-1H-imidazol-1-yl)
bicyclo[1.1.1]pentane-1-carboxylate

To a solution of cyclopropanecarbaldehyde (70.0 mg,
0.999 mmol) in MeOH (5 ml) were added methyl 3-amino-
bicyclo[1.1.1]pentane-1-carboxylate (141 mg, 0.999 mmol),
NH_,OAc (77 mg, 0.10 mmol) and 40% aq. glyoxal (145 mg,
0. 999 mmol), and the mixture was stirred at RT for 16 h then
concentrated under reduced pressure. The residue was puri-
fied by S10, gel chromatography (0% to 5% MeOH 1n
DCM) to give the title compound as a white solid (93 mg,
40%). MS (ES") C,;H,(N,O, requires: 232, found: 233
IM+H]™.

Step 2: methyl 3-(2-cyclopropyl-4-10do-1H-1mida-
zol-1-yl)bicyclo[1.1.1]pentane-1-carboxylate

To a solution of the product from the previous step (92
mg, 0.40 mmol) in DMF (2 ml) was added NIS (267 mg,
1.19 mmol) and the resulting mixture was stirred at 60° C.
for 2 h. Sat. ag. Na,S,0; (1 ml) and water (10 ml) were
added, and the mixture was extracted with EtOAc (3x5 mL).
The combined orgamic layers were washed with sat. aq.
NaCl, dried over MgSQO,, filtered and concentrated under
reduced pressure. The residue was purified by S10, gel
chromatography (0% to 40% EtOAc 1n hexanes) to give a
pale yellow liquid, which was dissolved in THF (2 mL) and
cooled to -78° C. To the mixture was added a 2.0 M
1IPrMgCl 1n THF solution (200 ul, 0.400 mmol) and the
resulting mixture was stirred at —78° C. for 1 h. Sat. aq.
NH_Cl (10 mL) was added, and the layers were separated.
The aqueous layer was extracted with EtOAc (3x5 mL), and
the combined organic layers were washed with sat. ag. NaCl,
dried over MgSO,, filtered and concentrated under reduced
pressure. The residue was purified by S10, gel chromatog-
raphy (0% to 50% EtOAc i hexanes) to give the title
compound as a white solid (38 mg, 41%). MS (ES™)
C,;H,IN,O, requires: 358, found: 359 [M+H]".
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Step 3: 5-(3-(2-cyclopropyl-4-10do-1H-1midazol-1-
yD)bicyclo[1.1.1]pentan-1-yl)oxazole

To a solution of the product from the previous step (58
mg, 0.16 mmol) in DCM (2 ml) at -78° C. was added

DIBAL-H (46.1 mg, 0.324 mmol) and the resulting mixture
was stirred at =78° C. for 1 h. Sat. ag. NH,C1 (10 mL) was
added, and the mixture was extracted with EtOAc (3x5 mL).
The combined organic layers were washed with sat. aq.
NaCl, dried over MgSO,, filtered and concentrated under
reduced pressure to give crude 3-(2-cyclopropyl-4-10do-1H-
imidazol-1-yl)bicyclo[1.1.1]pentane-1-carbaldehyde (IMS
(ES™) C,,H,;IN,O requires: 328, found: 329 [M+H]"),
which was dissolved in MeOH (2 mL). To the mixture were
added K,CO; (67.0 mg, 0.485 mmol) and toluenesulfonyl-
methyl 1socyanide (37.8 mg, 0.194 mmol), and the resulting,
mixture was stirred at 60° C. for 16 h then concentrated
under reduced pressure. The residue was purnfied by S10,
gel chromatography (0% to 5% MeOH 1n DCM) to give the
title compound as a white solid (26 mg, 44%). MS (ES™)
C,.H, ,IN,O requires: 367, found: 368 [M+H]".

Step 4: 5-(2-cyclopropyl-1-(3-(oxazol-5-yl)bicyclo
[1.1.1]pentan-1-vy1)-1H-1midazol-4-y1)-3-(trifluo-
romethoxy)pyridin-2-amine

A degassed solution of the product from the previous step
(25 mg, 0.068 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-d1oxa-
borolan-2-y1)-3-(trifluoromethoxy)pyridin-2-amine  (24.8
mg, 0.082 mmol), PdCL (dppt)-CH,ClL, (5.56 mg, 6.81
umol) and 2.0 M aqg. K,CO, (0.102 ml, 0.204 mmol) in DMF
(0.5 ml) was stirred at 90° C. for 2 h. The mixture was
diluted with EtOAc, filtered through CELITE®, and the
filtrate was concentrated under reduced pressure. The resi-
due was purified by reverse phase preparative HPLC (Mo-
bile phase: A=0.1% TFA/water, B=0.1% TFA/MeCN; Gra-
dient: B=10% to 40% 1n 12 min; Column: C18) to give a
residue. The residue was dissolved 1in water, and the mixture
was adjusted to pH=8 with sat. ag. NaHCO,. The precipitate
was 1solated by filtration to give the title compound as a
white solid (15 mg, 53%). MS (ES") C,,H,;F:N.O,
requires: 417, found: 418 [M+H]*. 'H NMR (DMSO-d,) &
8.33 (s, 1H), 8.30 (d, 1H, J=1.9 Hz), 7.70 (s, 1H), 7.54 (s,
1H), 7.09 (s, 1H), 6.33 (s, 2H), 2.70 (s, 6H), 2.10-2.04 (m,
1H), 0.95-0.87 (m, 4H).

Example 28

4-(3-(2-1sopropyl-4-(1-(1-(pyridin-2-yl)ethyl)-1H-
pyrrolo[3,2-blpyridin-6-yl)-1H-1imidazol-1-yl)bicy-
clo[1.1.1]pentan-1-yl)morpholine
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Step 1: tert-butyl 3-(2-1sopropyl-1H-1imidazol-1-v1)
bicyclo[1.1.1]pentan-1-y]l carbamate

To a solution of tert-butyl 3-aminobicyclo[1.1.1 |pentan-
1-yl carbamate (2.0 g, 10 mmol) and 1sobutyraldehyde (727
mg, 10.1 mmol) n MeOH (20 mL) were added NH,OACc
(777 mg, 10.1 mmol) and 40% aq. glyoxal (1.46 g, 10.1
mmol). The mixture was stirred at RT overnight, then

concentrated and diluted with DCM. The resulting mixture
was sequentially washed with sat. ag. NaHCO, and sat. aq.
NaC(l, dried over MgSQO,, filtered and concentrated to give
the title compound as a brown o1l (2.1 g, 72%), which was
used without further purification. MS (ES™) C,H,.N,O,
requires: 291, found: 292 [M+H]".

Step 2: tert-butyl 3-(4,5-diiodo-2-1sopropyl-1H-
imidazol-1-yl)bicyclo[1.1.1]pentan-1-yl carbamate

To a solution of the product from the previous step (2.0 g,
6.6 mmol) 1n DMF (20 mL) was added NIS (4.64 g, 20.6
mmol), and the mixture was stirred at 50° C. for 3 h. The
mixture was poured 1mto water and extracted with EtOAc
(2x45 mL). The combined organic layers were washed with
sat. aq. NaCl (4x25 mL), dried over MgSO,, filtered and
concentrated under reduced pressure. The residue was puri-
fied by S10, gel chromatography (0% to 25% FEtOAc 1n
petroleum ether) to give the title compound as a yellow solid
(1.81 g, 50%). MS (ES™C, -H,,I,N,O, requires: 543, found:
544 [M+H]".

Step 3: tert-butyl 3-(4-10do-2-1sopropyl-1H-1mida-
zol-1-yl)bicyclo[1.1.1]pentan-1-ylcarbamate

To a solution of the product from the previous step (1.81
g, 3.33 mmol) in THF (20 mL) at —78° C. was added a 2.0
M EtMgCl 1n Et,O solution (3.33 mlL, 6.66 mmol), and the
mixture was stirred at =78° C. for 1 h. Sat. aq. NH_C] was
added, and the mixture was extracted with EtOAc (3x80
ml.). The combined organic layers were washed with sat. aqg.
NaCl (30 mL), dried over Na,SQO,, filtered and concentrated
under reduced pressure to give the title compound as a
yellow solid (900 mg, 65%). MS (ES™) C,H,,IN,O,
requires: 417, found: 418 [M+H]".

Step 4: 3-(4-10do-2-1sopropyl-1H-1midazol-1-yl)
bicyclo[1.1.1]pentan-1-amine

To a solution of the product from the previous step (400
mg, 0.959 mmol) in DCM (10 mL) was added TFA (2 mL),
and the mixture was stirred at RT overnight then concen-
trated under reduced pressure. The residue was diluted with
sat. aq. NaHCO, and extracted with EtOAc. The organic
layer was dried over MgSQO,,, filtered and concentrated under
reduced pressure to give the title compound as a yellow solid
(200 mg, 65%). MS (ES™) C,,H, (IN; requires: 317, found:
318 [M+H]".

Step 5: 4-(3-(4-10do-2-1sopropyl-1H-1midazol-1-yl)
bicyclo[1.1.1]pentan-1-yl)morpholine

To a solution of the product from the previous step (200
mg, 0.63 mmol) n MeCN (10 mL) were added 1-bromo-
2-(2-bromoethoxy)ethane (291 mg, 1.26 mmol) and K,CO,
(434 mg, 3.15 mmol), and the mixture was stirred at 90° C.
overnight then concentrated under reduced pressure. The
residue was diluted with sat. ag. NaHCO, and extracted with
EtOAc. The organic layer was dried over MgSQO,, filtered
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and concentrated under reduced pressure. The residue was
purified by S10,, gel chromatography (0% to 100% EtOAc 1n

petroleum ether) to give the title compound (100 mg, 41%).
MS (ES™) C, H,,IN,O requires: 387, found: 388 [M+H]".

Step 6: 4-(3-(2-1sopropyl-4-(1-(1-(pyridin-2-yl)
cthyl)-1H-pyrrolo[3,2-b]pyridin-6-yl)-1H-1midazol-
1-yI)bicyclo[1.1.1]pentan-1-yl)morpholine

A mixture of the product from the previous step, 1-(1-
(pyridin-2-yl)ethyl)-6-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)-1H-pyrrolo[3.2-b]pyridine (80 mg, 0.23
mmol), 2.0 M ag. K,CO, (1.0 mL, 2.0 mmol) and Pd(dppi)

Cl, (19 mg, 0.02 mmol) in DMF (2 mL) was degassed and
purged with N,, stirred at 90° C. for 30 min., then concen-

10

34

trated under reduced pressure. The residue was purified by
reverse phase preparative HPLC (Mobile phase: A=10 mM
ammonium bicarbonate/water, B=Me(CN; Gradient: B=60%
to 95% 1n 18 min; Column: C18) to give the title compound
(15 mg, 19%). MS (ES™) C,,H,,N.O requires: 482, found:
483 [M+H]*. '"H NMR (500 MHz, CDCl,) 8 8.74 (d, J=1.7
Hz, 1H), 8.61 (d, J=4.0 Hz, 1H), 8.05 (s, 1H), 7.53 (ddd,
J1=27.6,19.1, 11.6 Hz, 2H), 7.21-7.11 (m, 1H), 7.05 (s, 1H),
6.79-6.77 (m, 2H), 5.84 (q, J=7.2 Hz, 1H), 3.94-3.56 (m,
4H), 3.23-2.99 (m, 1H), 2.75-2.41 (m, 4H), 2.36 (s, 6H),
2.00 (d, J=7.1 Hz, 3H), 1.37 (d, J=6.8 Hz, 6H).

The following compounds were prepared using methods
generally described above. (Proc #=procedure {rom
Example # was followed for preparation)

TABL.

(Ll

1

Additional Examples

Ex # Name

29 1-(4-(6-amino-3-

morpholinobicyclo-
[1.1.1]pentan-1-yl)-1H-
imidazol-2-yl)cyclo-
propane-1-carbonitrile

30 5-(1-(3-morpholino-

3-y1)-1H-1imidazol-4-
y1)-3-(trifluoro-
methoxy)pyridin-2-
amine

31 5-(1-(3-morpholino-

imidazol-4-yl)-3-
(trifluoromethoxy)-
pyridin-2-amine

bicyclo[1.1.1]pentan-1- O/\
yl)-2-(oxetan-3-yl)-1H- K/

32 5-(1-(3-morpholino-

2-yl)-1H-1midazol-4-
y1)-3-(trifluoro-
methoxy)pyridin-2-
amine

(trifluoromethoxy)- O/\
pyridin-3-yl)-1-(3- K/

bicyclo[1.1.1]pentan-1- O/\
y1)-2-(tetrahydrofuran- K/

bicyclo[1.1.1]pentan-1- O/\
yl)-2-(tetrahydrofuran- K/

Structure Formula; MS  Proc #

CEEHEBFBNGOE 1

Calc: 460
. |
Z \OCF3
""--...___N
CN
C22H26F3N503 1
Calc: 465
N\@\ ‘ N\ NH> Obsd: 466
N \
Z OCFx

C51HoyF3N5O5 1
Calc: 451
Obsd: 452

CooHo 63 N5O5 1
Calc: 465
Obsd: 466

X

\
/

OCF;
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TABLE 1-continued
Additional Examples

Ex # Name Structure Formula; MS  Proc #

33 (S)-1-(4-(6-amino-5- N NH> CcH{7F3N,O 1
(trifluoromethyl)- X Calc: 338
pyridin-3-yl)-1- ‘ Obsd: 339
(bicyclo[1.1.1]pentan- N \ P DY
1-yl)-1H-1midazol-2- Chy
yl)ethan-1-ol SN

HOHH;

34 5-(2-(cyclopropyl- CooHogF3N;O5, 1
methyl)-1-(3-morpho- O N NTI Calc: 449
linobicyclo[1.1.1]- X 2 Obsd: 450
pentan-1-yl)-1H- N\@\ ‘
imidazol-4-yl)-3-(tr1-
fluoromethoxy )pyridin- N \ P SN OCT
2-amine — 3

N

35 5-(2-(cyclopropyl- CooH5gF3NsO 1
methyl)-1-(3-morpho- O N N Calc: 433
linobicyclo[1.1.1]- R 2 Obsd: 434
pentan-1-yl)-1H- N\@\ ‘
imidazol-4-yl)-3-

(trifluoromethyl)- N /y F CF
pyridin-2-amine 3
———
N

36 5-(2-(cyclopropyl- C,H5;F5NsO, 1
methyl)-1-(3-morpho- O N N Calc: 431
linobicyclo[1.1.1]- RN 2 Obsd: 432
pentan-1-yl)-1H- N ‘
imidazol-4-yl)-3-(di- N
fluoromethoxy )pyridin- \/\ OCTF
2-amine — 2

N

37 5-(2-cyclopropyl-1-(3- C, HysF5N;05, 1
morpholinobicyclo- O N N Calc: 417
[1.1.1]pentan-1-yl)-1H- R 2 Obsd: 418
imidazol-4-y1)-3- N ‘

(difluoromethoxy)-
pyridin-2-amine N P |
OCHFL>,
'--.___N

38 3-(difluoromethoxy)-5- C, H>-F5NsO, 1
(2-1sopropyl-1-(3- O N N Calc: 419
morpholinobicyclo- s z Obsd: 420
1.1.1]pentan-1-yl)-1H- N\©\ ‘
imidazol-4-yl)pyridin-
2-amine N / OCHE

)
"'--...___N

39 5-(1-(3-morpholino- Co3H30F3NsO, 1
bicyclo[1.1.1]pentan-1- O N NTI Calc: 465
y1)-2-neopentyl-1H- A 2 Obsd: 466
imidazol-4-y1)-3-(tri- N\©\ ‘
fluoromethoxy )pyridin-
2-amine N S OCT

3

!
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TABLE 1-continued
Additional Examples
Ex # Name Structure Formula; MS  Proc #
40 5-(1-(3-morpholino- C,3H;oF3N5O 1
bicyclo[1.1.1]|pentan-1- O/\‘ N NTI Calc: 449
y1)-2-neopentyl-1H- R 2 Obsd: 450
imidazol-4-yl)-3-(tri- N\@\ ‘
fAuoromethyl)pyridin-2-
amine N /y P CF
3
"""--..__N
41 3-(difluoromethoxy)-5- C-53H;3F5NsO, 1
(1-(3-morpholino- O N NI Calc: 447
bicyclo[1.1.1]pentan-1- R z Obsd: 448
yl)-2-neopentyl-1H- N\@\ ‘
imidazol-4-yl)pyridin-
2-amine N \ / OCHE
)
"--.___N
42 5-(2-(cyclopropyl- N C-3H-oF3Ng 1
methyl)-1-(3-(4- N N NTI Calc: 446
methylpiperazin-1-yl)- xS 2 Obsd: 447
bicyclo[1.1.1]pentan-1- N ‘
yl)-1H-1midazol-4-yl)-
3-(trifluoromethyl )- N \ S ~ CF
pyridin-2-amine — 3
N
43 5-(2-cyclobutyl-1-(3- CooH56F3NsO, 1
morpholinobicyclo- O Calc: 449
N NH, _
[1.1.1]pentan-1-yl)-1H- X Obsd: 450
imidazol-4-y1)-3- N
(trifluoromethoxy)-
pyridin-2-amine N \ A OCT
3
""I-.____N
44 5-(2-cyclopentyl-1-(3- Co3HogF3NsO, 1
morpholinobicyclo- O N N Calc: 463
[1.1.1]pentan-1-yl)-1H- R 2 Obsd: 464
imidazol-4-y1)-3- N ‘
(trifluoromethoxy)-
pyridin-2-amine N \ S OCTE
3
){'—N
45 5-(2-1sobutyl-1-(3- CooH5FsNsO5, 1
morpholinobicyclo- O N NTI Calc: 451
[1.1.1]pentan-1-y1)-1H- R 2 Obsd: 452
imidazol-4-y1)-3- N ‘
(trifluoromethoxy)-
pyridin-2-amine N P OCF
3
"'"l-l-...__-N
46 3-(difluoromethoxy)-5- CrH5F5NsO, 1
(2-isobutyl-1-(3- O N NTT Cale: 433
morpholinobicyclo- X 2 Obsd: 434
1.1.1]pentan-1-yl)-1H- N\©\ ‘
imidazol-4-yl)pyridin-
2-amine N / OCHE
12

)
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TABLE 1-continued
Additional Examples
Ex # Name Structure Formula; MS  Proc #
47 5-(2-1sobutyl-1-(3- Co5HogF3N5O 1

48

49

50

51

52

>3

morpholinobicyclo-
[1.1.1]pentan-1-yl)-1H-
imidazol-4-yl)-3-
(trifluoromethyl)-
pyridin-2-amine

5-(1-(3-morpholino-
bicyclo[1.1.1]pentan-1-
yl)-2-(2,2,2-trifluoro-
ethyl)-1H-1imidazol-4-
yl)-3-(trifluoro-
methoxy)pyridin-2-
amine

5-(2-(sec-butyl)-1-(3-
morpholinobicyclo-
[1.1.1]pentan-1-yl)-1H-
imidazol-4-yl)-3-(tr1-
fluoromethoxy )pyridin-
2-amine

5-(2-(sec-butyl)-1-(3-
morpholinobicyclo-
[1.1.1]pentan-1-yl)-1H-
imidazol-4-yl1)-3-(tri-
fluoromethyl)pyridin-2-
amine

5-(2-(sec-butyl)-1-(3-
morpholinobicyclo-
[1.1.1]pentan-1-yl)-1H-
imidazol-4-yl)-3-(di-
fluoromethoxy )pyridin-
2-amine

5-(1-(bicyclo[1.1.1]-
pentan-1-yl)-2-iso-
propyl-1H-imidazol-4-
y1)-3-(trifluoromethyl)-
pyridin-2-amine

(4-(6-amino-5-(trifluoro-

methoxy)pyridin-3-
yl)-1-(bicyclo[1.1.1]-
pentan-1-yl)-1H-1mid-
azol-2-yl)methanol

"'I-.-.-.-

Clal
@

o
g

/\ X
K/N o

\©\N/§/‘ =
)

)

NH,
CF;
N
N NH
\\/2
HMEHH“OCFg
N NH,

V4
\

OCF;

W’EN““- NH,

7 CF,

Tﬁj{“ﬂ NH,

7 OCHF;
T/J{\M NH,
= CF;
Tfjﬂhbff;NHg
N\“ﬁﬁﬁWH“OCF3

Calc: 435
Obsd: 436

CooHo FgNSO5 1
Calc: 477
Obsd: 478

CooHogF3 NSO, 1
Calc: 451
Obsd: 452

C55H5F3NSO 1
Calc: 435
Obsd: 436

CHogFSN5O5 1
Calc: 433
Obsd: 434

C,7H oF3Ny 1
Calc: 336
Obsd: 337

C,sHy5F3N405 5
Calg: 340
Obsd: 341
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TABLE 1-continued
Additional Examples
Ex # Name Structure Formula; MS  Proc #
54 1-(4-(6-amino-5-(tri- N NH, C,-HoF;N,0O, 5
fluoromethoxy )pyridin- R Calc: 368

55

50

57

58

59

00

3-yl)-1-(bicyclo[1.1.1]-
pentan-1-yl)-1H-imid-
azol-2-yl)propan-1-ol

1-(4-(6-amino-5-(tri-
fluoromethoxy )pyridin-
3-yvl)-1-(bicyclo[1.1.1]-
pentan-1-yl)-1H-1mid-
azol-2-yl)ethan-1-ol

(4-(6-amino-5-(tri-
fluoromethoxy )pyridin-
3-yl)-1-(bicyclo[1.1.1]-
pentan-1-yl)-1H-1mid-
azol-2-yl)(cyclo-
propyl)methanol

1-(4-(6-amino-5-(tri-
fluoromethoxy )pyridin-
3-yl)-1-(bicyclo[1.1.1]-
pentan-1-yl)-1H-1mid-
azol-2-yl)-2-methyl-
propan-1-ol

(4-(6-amino-5-(trifluoro-
methyl)pyridin-3-vyl)-
1-(bicyclo[1.1.1]-
pentan-1-yl)-1H-1mid-
azol-2-yl)methanol

1-(4-(6-amino-3-
(trifluoromethyl)-
pyridin-3-yl)-1-(bi-
cyclo[1.1.1]pentan-1-
yl)-1H-imidazol-2-yl)-
2-methylpropan-1-ol

(4-(6-amino-5-(trifluoro-
methyl)pyridin-3-
yl)-1-(bicyclo[1.1.1]-
pentan-1-yl)-1H-imid-
azol-2-yl)(cyclo-
propyl)methanol

/5/ P OCE.
"'--.___N

/
\

\
/

OCF;
i,
N
HO

HO

Y
|
<>

o
<>

N NH

7 OCF,
""!-..__-N

N NH
----"N

N NH,

T\
/
\

CF;

T\
/
\

CF;

N NH,

CF;

Obsd: 369

CieH7F3N4O5 5
Calc: 354
Obsd: 355

CigHgF3N4O5 >
Caleg: 380
Obsd: 381

CigHo F3N4O5 5
Calc: 382
Obsd: 383

C,sH;sF3N,0O 5
Calc: 324
Obsd: 325

C,gH5,F3N,O 5
Calc: 366
Obsd: 367

C,gHsF3N,0O 5
Calc: 364
Obsd: 365
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TABLE 1-continued
Additional Examples
Ex # Name Structure Formula; MS  Proc #
61 1-(4-(6-amino-5-(tri- N NH, C,-H,gF;N,O 5
fluoromethyl)pyridin-3- s Vd Calc: 352
y)-1-(bicyclo[1.1.1]- ‘ Obsd: 353
pentan-1-yl)-1H-imid- N
azol-2-yl)propan-1-ol \/\CF3
-'"""I--N
HO
62 1-(4-(6-amino-5-(tri- N NH> CorHogF3NsOy 5
fluoromethoxy )pyridin- Calc: 467
3-yl)-1-(3-morpholino- ‘ Obsd: 468
bicyclo[1.1.1]pentan-1- N P
yl)-1H-1imidazol-2-yl)- OCF;
2-methylpropan-1-ol SN
HO
63a  1-(4-(6-amino-5-(tri- - N NH, CicHi4FsN4JOs, 6
fluoromethoxy )pyridin- AN Calc: 408
3-yl)-1-(bicyclo[1.1.1]- ‘ Obsd: 409
pentan-1-yl)-1H-1mid- N
azol-2-yl)-2,2,2- 7 OCl3
trifluoroethan-1-ol SN
F;C
OH
63b 1'(4'(6'3H1iﬂﬂ'5' N NH2 ClﬁH 14F5N402 6
(trifluoromethoxy)- X Calc: 408
pyridin-3-yl)-1- ‘ Obsd: 409
(bicyclo[1.1.1]pentan- N F
1-yl)-1H-1imidazol-2- OCE3
yl)-2,2,2-trifluoroethan- ==y
1-o0l F3C
OH
64 5-(2-((benzyloxy)- CocHogF3NsOy 7
methyl)-1-(3-morpho- O N NH Calc: 515
linobicyclo[1.1.1]- X - Obsd: 516
pentan-1-yl)-1H-1mid- N\©\ ‘
azol-4-yl)-3-(trifluoro-
methoxy)pyridin-2- N F ~ OCT
amine ==\ 3
O
65 (4-(6-amino-5-(trifluoro- o C,oH5F3N;O; 7
methoxy)pyridin-3- N NI Calc: 425
y1)-1-(3-morpholino- N 2 Obsd: 426
bicyclo[1.1.1]pentan-1- N ‘
y1)-1H-1imidazol-2-yl)-
methanol N \ F OCF;
——————
N
HO
66 4-(6-amino-3-(trifluoro- 0 CoH50F3NsOy 7
methoxy)pyridin-3- N NTT Calc: 423
y1)-1-(3-morpholino- AN 2 Obsd: 424
bicyclo[1.1.1]pentan-1- N ‘
yl)-1H-1midazole-2-
carbaldehyde N s OCF;
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TABLE 1-continued
Additional Examples
Ex # Name Structure Formula; MS  Proc #
677 1-(4-(6-amino-5-(tri- CooHogF3N;O, 7

0%

69a

69b

70

71

fluoromethyl)pyridin-3-
y1)-1-(3-morpholino-
bicyclo[1.1.1]pentan-1-
y1)-1H-1imidazol-2-yl)-
2-methylpropan-1-ol

1-(4-(6-amino-5-(tri-
fAuoromethyl)pyridin-3-
yl)-1-(3-morpholino-
bicyclo[1.1.1]|pentan-1-
y1)-1H-1imidazol-2-yl)-
2-methylpropan-1-ol

1-(4-(6-amino-5-(tri-
fluoromethyl)pyridin-3-
y1)-1-(3-morpholino-
bicyclo[1.1.1]pentan-1-
yl)-1H-1imidazol-2-yl)-
2,2, 2-trifluoroethan-1-
ol

1-(4-(6-amino-5-(tri-
fluoromethyl)pyridin-3-
y1)-1-(3-morpholino-
bicyclo[1.1.1]pentan-1-
y1)-1H-1imidazol-2-yl)-
2,2, 2-trifluoroethan-1-
ol

1-(4-(6-amino-5-(tri-
fluoromethoxy )pyridin-
3-yl)-1-(3-(4-propyl-
piperazin-1-yl)bicyclo-
[1.1.1]pentan-1-yl)-1H-
imidazol-2-yl)-2-
methylpropan-1-ol

3-(difluoromethoxy)-5-
(1-1s0propyl-5-(3-
morpholinobicyclo-
[1.1.1]pentan-1-yl)-1H-
pyrazol-3-yl)pyridin-2-
amine

~

N

o/\
N NH,
(N O
=
WOC} |

o

e

)

OH

OH

N"'---..N

X

Calc: 451

‘ N\ NH; Obsd: 452
Z OCF;
C22H23F3N502 7
Calc: 451
‘ N\ NH2  Gped: 452
= CF;
C20H21F6N502 8
Calc: 477
‘ N\ NH2  Oped: 478
Z CF,
C20H21F6N502 8
Calc: 477
/N\ ML Obsd: 478
7 CF,
C25H35F3N602 9
Calc: 508
Obsd: 509
N NH
| b
Z SNOCE
N

C,H,7F5N5;0O5, 11
Calc: 419
Obsd: 420
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TABLE 1-continued
Additional Examples
Ex # Name Structure Formula; MS  Proc #
72 5-(2-(cyclopropyl- N C,3HogFsNO o 12
methyl)-1-(3-(4- N N Ny, Cale: 462
methylpiperazin-1-yl)- R 2 Obsd: 463
bicyclo[1.1.1]|pentan-1- N ‘
y1)-1H-1imidazol-4-yl)-
3-(trifluoromethoxy)- N \ \/\ OCF
pyridin-2-amine — 3
N
73 5-(2-(cyclopropyl- - Co3H30FSN,O 12
methyl)-1-(3-(4- N N NI Calc: 444
methylpiperazin-1-yl)- e xn 2 Obsd: 445
bicyclo[1.1.1]pentan-1- N ‘
yl)-1H-1midazol-4-yl)-
3-(difluoromethoxy)- N F OCHF
pyridin-2-amine — z
N
74 5-(2-1sopropyl-1-(3-(4- N CooHogF3N,O 12
methylpiperazin-1-yl)- N N N Calc: 450
bicyclo[1.1.1]pentan-1- e Ve 2 QObsd: 451
y1)-1H-imidazol-4-y1)- N ‘
3-(trifluoromethoxy)- N
pyridin-2-amine \/\ OCF
3
\QH\HN
75 5-(2-cyclopropyl-1-(3- N C-oH>7F;3Ng 12
(4-methylpiperazin-1- N N NTI Calc: 432
yl)bicyclo[1.1.1]- xS 2 QObsd: 433
pentan-1-yl)-1H-1mid- N ‘
azol-4-yl)-3-(trifluoro- N
methyl)pyridin-2-amine P N CT
3
J%N
76 5-(2-cyclopropyl-1-(3- N CooHogF5SN,O 12
(4-methylpiperazin-1- N N N Calc: 430
yl)bicyelo[1.1.1]- TRy 2 QObsd: 431
pentan-1-yl)-1H-1mid- N\©\ ‘
azol-4-yl)-3-(difluoro-
methoxy)pyridin-2- N />/ S OCHE
2

amine

50

The following compound can generally be made using the
methods described above. It 1s expected that this compound
when made will have activity similar to those that have been
made 1n the examples disclosed herein.

55
N NH;
60
OCF;
"'--....___N
CH *12 65

The activity of the compounds 1n Examples 1-76 as DLK
inhibitors 1s 1llustrated 1n the following assays.

Biological Activity Assays

Compounds described herein have been shown to bind
DLK 1n vitro, and to inhibit phosphorylation of a down-

stream molecular target 1n a cellular assay.
DLK K, Determinations
The DLK dissociation constants (K ;) have been deter-

mined 1in the KINOMEscan KdEL)]

eRx

HCT Service at Discov-

A tfusion protemn of full length of human DLK (amino

acids 1-859) and the DNA binding domain of NFkB was
expressed in transiently transfected HEK293 cells. From

these HEK 293 cells, extracts were prepared in M-PE

1

extraction butler (Pierce) in the presence of Protease Inhibi-
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tor Cocktaill Complete (Roche) and Phosphatase Inhibitor
Cocktail Set II (Merck) per manufacturers’ instructions. The
DLK fusion protein was labeled with a chimeric double-
stranded DNA tag containing the NFkB binding site (5'-
GGGAATTCCC-3") fused to an amplicon for gPCR readout,
which was added directly to the expression extract (the final
concentration ol DNA-tag 1n the binding reaction 1s 0.1 nM).

Streptavidin-coated magnetic beads (Dynal M280) were
treated with a biotinylated small molecule ligand for 30
minutes at room temperature to generate atlinity resins the
binding assays. The liganded beads were blocked with
excess biotin and washed with blocking bufler (SeaBlock
(Pierce), 1% BSA, 0.05% Tween 20, 1 mM DTT) to remove
unbound ligand and to reduce nonspecific binding.

The binding reaction was assembled by combiming 16 ul
of DNA-tagged kinase extract, 3.8 ul liganded aflinity beads,
and 0.18 ul test compound (PBS/0.05% Tween 20/10 mM
DTT/0.1% BSA/2 ug/ml sonicated salmon sperm DNA)].
Extracts were used directly in binding assays without any
enzyme purification steps at a =10,000-fold overall stock
dilution (final DN A-tagged enzyme concentration <0.1 nM).
Extracts were loaded with DNA-tag and diluted into the
binding reaction in a two step process. First extracts were
diluted 1:100 1n 1x binding bufler (PBS/0.05% Tween 20/10
mM DTT/0.1% BSA/2 ug/ml sonicated salmon sperm
DNA) contamning 10 nM DNA-tag. This dilution was
allowed to equilibrate at room temperature for 15 minutes
and then subsequently diluted 1:100 1 1x binding bufler.
Test compounds were prepared as 111x stocks i 100%
DMSO. K s were determined using an 11-point 3-fold
compound dilution series with three DMSO control points.
All compounds for K, measurements are distributed by
acoustic transier (non-contact dispensing) in 100% DMSO.
The compounds were then diluted directly ito the assays
such that the final concentration of DMSO was 0.9%. All
reactions performed 1n polypropylene 384-well plates. Each
was a final volume of 0.02 mL. Assays were incubated with
shaking for 1 hour at room temperature. Then the beads were
pelleted and washed with wash bufler (1xPBS, 0.05%
Tween 20) to remove displaced kinase and test compound.
The washed based were re-suspended in elution bufler
(1xPBS, 0.05% Tween 20, 0.5 uM non-biotinylated aflinity
ligand) and incubated at room temperature with shaking for
30 minutes. The kinase concentration in the eluates was
measured by qPCR. gPCR reactions were assembled by
adding 2.5 uL. of kinase eluate to 7.5 uLL of qPCR master mix
contaiming 0.15 uM amplicon primers and 0.15 uM ampli-
con probe. The gPCR protocol consisted of a 10 minute hot
start at 95° C., followed by 35 cycles of 95° C. for 15
seconds, 60° C. for 1 minute.

Test Compound Handling.

Test compounds were prepared as 11x stocks 1 100%
DMSO. K s were determined using an 11-point 3-fold
compound dilution series with three DMSO control points.
All compounds for K, measurements are distributed by
acoustic transier (non-contact dispensing) in 100% DMSO.
The compounds were then diluted directly into the assays
such that the final concentration of DMSO was 0.9%. The
K s were determined using a compound top concentration of
30,000 nM. K ; measurements were performed 1n duplicate.

Binding Constant(K ;) Calculation.
Binding constants (K ,s) were calculated with a standard

dose-response curve using the Hill equation:

(S1gnal — Background)

KalHEH Slope
(1 + (DGSEHEH Slope ]

Response = Background +
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The Hill Slope was set to —1. Curves were fitted using a
non-linear least square fit with the Levenberg-Marquardt
algorithm (Levenberg, K., A method for the solution of
certain non-linear problems 1n least squares, Q. Appl. Math.
2, 164-168 (1944)). See also Fabian, M. A. et al. A small
molecule-kinase interaction map for clinical kinase inhibi-
tors. Nat. Biotechnol. 23, 329-336 (2005); Wodicka, L. M. et
al. Activation state-dependent binding of small molecule

kinase inhibitors: structural insights from biochemistry.
Chem Biol. 17, 1241-9 (2010).

Compounds with lower dissociation constants bind with
more aflinity to the target. Compounds disclosed herein,
particularly (but not exclusively) those with with lower
dissociation constants, can be expected to inhibit target
activity and to be useful n the treatment of DLK-mediated
disease. Results are reported below 1n Tables 2a and 2b 1n
nM.

Phospho-cJun Cellular Assay

HEK293 cells stably transfected with a Dox-inducible
human DLK were plated into a 384-well plate in 20 ul
(40,000 cells/well) of DMEM medium (without phenol red)
containing 10% fetal bovine serum, 1.5 ug/ml doxycycline
and 1 ug/ml puromycin. The cells as negative control were
grown 1n the absence of doxycycline. The plate was 1ncu-
bated at 37° C., 5% CO, for 20 h, betore DMSO (control)
or compounds diluted 1n medium were added. The cells were
incubated at 37° C. for an additional 5 h, followed by lysis
and the addition detection antibodies from p-clun (Ser63)
cellular assay kit (Cisbio) per manufacturer protocol. The
standard dose response curves were fitted by Genedata
Screener software using the variable-slope model:
Signal=Signal,,., ;.. conprort(S180al pa 50 control
Signal, . .0 mﬂmz)/ (1+(IC,,/Dose) Hill slope). Only signal
and dose in the equation were treated as known values.
Results are reported below 1n Tables 2a and 2b in nM. Values
in table 2b reflect additional assay runs on multiple batches
of compound, and include data from Table 2a 1n the aver-

aging.

TABLE 2a
DIK activity
Avg Phospho-
Avg DLK K, cJun Cell ICs,,
Ex nM nM
1 13 259
2 13 459
3 11 402
4 13 366
TABLE 2b

DLK activity (global)

Cell
Ex. Kd, nM [C50
1 11.4 287.8
2 13 430.8
3 11 367.8
4 8.3 400
5a 1046.6
5b 2.3 994
6a 7452
6b 0.74 38.7
7a 10.7
7b 45 860.0
8a 0.36 24.8
Kb 283.6
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TABLE 2b-continued

DILK activity {(global)

102

TABLE 2b-continued

DLK activity (global)

Cell
Ex. Kd, nM IC50 3 Cell
EX. Kd, nM 1C50
Oa 20.2
190‘?' .. 6?‘;‘-; 56 5.1 275.2
1 15 600 5 57 0.62 38.6
s 20 557 0 58 18 845.9
13 32 316.5 59 0.29 20.9
14 47 8¥O.5 60 2.4 214.0
2 ;3 fég . 61 2.1 167.0
17 6.9 281.5 > 1 -0
18 1.9 155 03 1958
19 14 600 1> 63b 1.6 43.6
20 7500 12000 64 14 192.2
21 330 5871 65 79 868.8
% 13'7 jgi’-g 66 44 1400.7
24 6 R 553 67 0.11 12.1
25 6.4 388.5 20 68 13 934.5
26 7 383 69a 0.36 36.7
27 29 1024.5 69h 7797 5§
2 0 31 " 0231
30 390 5105.5 /1 13 SU8.3
31 170 1567 25 72 19 1160.5
32 6.7 518 73 18 624
gi 23-7 iggg 74 4.5 195.8
35 79 494'3 73 7.5 2558
36 oy 500 76 7.4 300.%8
37 19 351 30
3% 19 709.3
ig : 52 ggg; All references, patents or applications, U.S. or foreign,
41 37 3857 cited 1n the application are hereby incorporated by reference
42 3.1 238.5 as 1f written herein 1n their entireties. Where any 1nconsis-
ﬁ gg giz'g 35 tencies arise, material literally disclosed herein controls.
45 13 760.7 From the foregoing description, one skilled in the art can
jg : 2 222 5 casily ascertain the essential characteristics of this invention,
4R 13 413 5 and without departing from the spirit and scope thereof, can
49 8.6 289.7 make various changes and modifications of the invention to
adapt 1t to various usages and conditions.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 1
<210> SEQ ID NO 1
<211> LENGTH: 10
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
gggaattccc 10
55
TABLE 2b-continued What is claimed is:
o 1. A compound having structural Formula I:
DILK activity (global)
Cell - 0
N
Ex. Kd, nM IC50 60 ‘ —
RE\@\ X R4
5
50 9.5 292.5 PN /
51 21 763.2 X\J /X4 N\
59 40 849.5 X, =X3 Rj3
53 30 1328 /
54 11 318.7 65 R’
53 14 443.2
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or a salt thereof, wherein:

X, 1s selected from C and N;

X, 1s selected from C and N;

exactly one of X, and X, 1s N;

X, 18 N;

X, and X. are C;

X,, X,, X, X,, and X form a five membered heteroaryl;

R, 1s selected from alkyl, cycloalkyl, and heterocy-
cloalkyl, any of which 1s optionally substituted with
one to three R groups;

R, 1s H or 1s selected from alkyl, amino, aryl, cycloalkyl,
haloalkyl, heteroalkyl, heteroaryl, heterocycloalkyl,
and sulfonylalkyl, any of which i1s optionally substi-
tuted with one to three R, groups;

R, 1s selected from H, alkyl, (alkoxy)alkyl, (arylalkoxy)
alkyl, (heteroarylalkoxy)alkyl, cyano, cycloalkyl, halo,
haloalkoxy, and haloalkyl;

R, 1s N(R, )., wherein each R, 1s independently selected

from hydrogen, C, _alkyl, and C,_haloalkyl;
or R; and R, together with the atoms to which they are
attached form a 5- or 6-membered heteroaryl or het-
croalkyl ring, optionally substituted with one to three
R, groups;

cach R. and R, 1s independently selected from C, _jalkyl,
C, _shaloalkyl, C,_,alkoxy, C,_jhaloalkoxy, C,_,alkyl-
thio, C,_jhaloalkylthio, aryl, heteroaryl, C, -cy-
cloalkyl, C,_-heterocycloalkyl, (aryl)C,_,alkyl, (het-
croaryl)C, alkyl, (C,_,cycloalkyl)C, _jalkyl, (C5.-
heterocycloalkyl)C, ,alkyl, (ethenyl)C, ,alkyl, (ethy-
nyl)C, salkyl,  (ary)C,_jalkoxy, (heteroaryl)C,_,
alkoxy, (C,_-cycloalkyl)C, _jalkoxy, (C;_sheterocy-
cloalkyl)C, _,alkoxy, (aryl)C,_jalkylthio, (heteroaryl)
C,_salkylthio, (C,_-cycloalkyl)C, _jalkylthio, (C,_-het-
erocycloalkyl)C, ,alkylthio, amino, halo, hydroxy,
cyano, and oxo; and

cach R 1s independently selected from C,_,alkyl, C,_jha-

loalkyl, C, _jalkoxy, C,_jhaloalkoxy, aryl, heteroaryl,
C;_-cycloalkyl, C,_-heterocycloalkyl, (aryD)C,_jalkyl,
(heteroaryl)C, _,alkyl, (C,_,cycloalkyl)C, ,alkyl, (C,_,
heterocycloalkyl)C,_,alkyl, halo, hydroxy, cyano, and
0XO.

2. The compound of claim 1, wherein R, 1s methyl, and 1s
optionally substituted with one or two R groups.

3. The compound of claim 2, wherein R, 1s hydroxym-
cthyl and 1s optionally substituted with one R, group.

4. The compound of claim 3, wherein R 1s selected from
C, _salkyl, C,_shaloalkyl, C,_-cycloalkyl, and C;_-heterocy-
cloalkyl.

5. The compound of claim 4, wherein R 1s selected from
methyl, ethyl, trifluoromethyl, 2-propyl, and cyclopropyl.

6. The compound of claim 5, wherein

R, 1s selected from CF, and OCF;; and

R, 1s NH,.

7. The compound of claim 6, wherein R, 1s H or 1s
selected from alkyl, cycloalkyl, heteroalkyl, and heterocy-
cloalkyl, any of which 1s optionally substituted with one or
two R, groups.

8. The compound of claim 7, wherein R, 1s selected from
C,_salkyl, C,_haloalkyl, (ethenyl)C,_jalkyl, (ethyny)C,_,
alkyl, hydroxy, and oxo.

9. The compound of claim 8, wherein R, 1s selected from
morpholin-1-yl, piperidin-1-yl, and piperazin-1-yl, any of
which 1s optionally substituted with one or two R, groups.

10. The compound of claim 8, wherein R, 1s H.

11. The compound of claim 1, wherein the compound has
the structural Formula II:
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(11)
Rg,
\ =N NH
N 2
RSb/ \Q\N N \ /
>=N R3

R,

or a salt thereof, wherein:

R, 1s selected from alkyl, cycloalkyl, and heterocy-
cloalkyl, any of which 1s optionally substituted with
one to three R groups;

R, 1s selected from H, alkyl, cyano, cycloalkyl, halo,
haloalkoxy, and haloalkyl;

Rs. and R, are independently selected from C, _jalkyl,
C,_shaloalkyl, (C, _,alkoxy)C, _jalkyl, (C,_,haloalkoxy)
C, salkyl, (C,_jalkoxy)C,_jhaloalkyl, and (C,_jha-
loalkoxy)C, _,haloalkyl,

or Ry and Rg,, in combination with the intervening

atoms, form a 4-7 membered heterocycloalkyl ring,
which 1s optionally substituted with one to three R
groups; and

each R and R, 1s independently selected from C, _,alkyl,

C, _shaloalkyl, C,_jalkoxy, C,_haloalkoxy, C,_,alkyl-
thio, C,_jhaloalkylthio, aryl, heteroaryl, C, - cCy-
cloalkyl, C,_-heterocycloalkyl, (aryl)C, _,alkyl, (het-
croaryl)C, alkyl, (ethenyl)C, ,alkyl, (ethynyD)C,_,
alkyl, (aryl)C,_jalkoxy, (heteroaryl)C,_jalkoxy, (aryl)
C,_jalkylthio, (heteroaryl)C,_,alkylthio, amino, halo,
hydroxy, cyano, and oxo.

12. The compound of claim 11, wherein:

R, and R, are independently selected from from

C,_salkyl, C,_haloalkyl, (C,_jalkoxy)C,_jalkyl, and
(C, _shaloalkoxy)C, _,alkyl;

R, 1s selected from cyclopropyl, cyclopropylmethyl and

1sopropyl; and

R, 1s selected from difluoromethoxy, trifluoromethoxy,

and trifluoromethyl.

13. The compound of claim 11, wherein R, and R,,, 1n
combination with the intervening atoms, form a 4-7 mem-
bered heterocycloalkyl ring, which 1s optionally substituted
with one to three R, groups.

14. The compound of claim 13, wherein R, and Ry, , in
combination with the intervening atoms, form a morpholine,
piperidine, or piperazine ring, any of which 1s optionally
substituted with one to three R, groups.

15. The compound of claim 14, wherein R, 1s selected
from cyclopropyl, cyclopropylmethyl and 1sopropyl.

16. The compound of claim 15, wherein R, 1s selected
from difluoromethoxy, trifluoromethoxy, and trifluorom-
cthyl.

17. The compound of claim 1 having structural Formula
VI

(VD)

HO
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or a salt thereotf, wherein: -continued

R, 1s H or 1s selected from alkyl, amino, aryl, cycloalkyl, O
haloalkyl, heteroalkyl, heteroaryl, heterocycloalkyl, K/ N NHS,,

and sulfonylalkyl, any of which 1s optionally substi- N ‘
tuted with one to two R, groups; 5 @\
N \ / CF;

R, 1s selected from haloalkoxy and haloalkyl; and

/

R; 1s selected from C, _,alkyl, C,_,haloalkyl, and C,_,cy- — 3N
cloalkyl;

each R 1s independently selected from C,_,alkyl, C,_jha- g

loalkyl, (ethenyl)C, _,alkyl, (ethynyl)C, _,alkyl, amino,
halo, hydroxy, cyano, and oxo. O/\

18. The compound of claim 17, wherein R, 1s selected K/N
from difluoromethoxy, trifluoromethoxy, and trifluorom-

N
X
ethyl. 15 ﬂ N/w/ 7 OCF;

19. The compound of claim 18, wherein R. 1s selected
from C,_jalkyl and C,_,haloalkyl.

20. The compound of claim 19, wherein R 1s selected
from methyl and trifluoromethyl.

20
21. The compound of claim 20, wherein O/\

N
R, 1s selected from K/N X
A PP
Réa Réa~ O/\ 25
N/\ —N
K/ K/N

\? N\, and \;

|
Z

CN

30
and
R 1s selected from H, C,_jalkyl, C,_ haloalkyl, (ethenyl)
C,_salkyl, and (ethynyl)C, _,alkyl.
22. The compound of claim 20, wherein R, 1s H.
35

23. The compound of claim 1, wherein the compound has
the structural formula chosen from:

O/\ 40
N NH,
k/ N@\ ‘ Y
N \ / OCFg,

— N 45

o/\
K/ | ‘/N\ NH,, 50
\é\ N \ Z Ch5 @\ ‘

N
AN
\ezN NE b 7 o,
55
— N
HO -
O
O N Vit /ﬁ
N 60
S GUN
N \ Z OCF3, \®\ ‘
—N N/E/ = OCF3,
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-continued
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-continued
o/\ .
k/ N\@\ ‘/ S \ .
, and

—N

N
&
-‘-"""\-.

TN
N/\/(p 15
— N d\ or a salt thereof.
o
S
20

24. A pharmaceutical composition comprising a com-
pound as recited 1n claim 1 together with a pharmaceutically
acceptable carrier.

*
*
*
*
*
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